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Dedication 

It was almost 45 years ago, in November 
1969, when I met Dr. Kawasaki. I was 
working in the Department of Pathology at 
the Japanese Red Cross Medical Center 
(formerly: Red Cross Central Hospital). I had 
little knowledge of Kawasaki disease but 
suddenly became interested when I conducted 
autopsies of Kawasaki disease patients. / 
have been deeply involved with this 
mysterious disease ever since. 

Dr. Kawasaki is a great doctor, who 
proved from daily observations of patients 
that Kawasaki disease has very peculiar 
features. He has always been 
straightforward, like an innocent child, and I 
have been on friendly terms with this 
“Extraordinary child” for a long time. 

Admiring the Glory of Dr. Tomisaku 
Kawasaki and his family. 

Shiro Naoe, M.D., Ph.D. 

Professor Emeritus 
Toho University 
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I feel greatly privileged to have the 
opportunity to write this dedication to honor 
Dr. Tomisaku Kawasaki, my dear friend for 
the past 31 years. Tomi has devoted his life to 
the care of children as Pediatrician 
Extraordinaire/ This is one of life ’s greatest 
opportunities and responsibilities. In 
addition, Tomi ’s outstanding clinical skills led 
him in the 1960s to recognize the important 
illness that should forever bear his name. For 
many decades Dr. Kawasaki has tirelessly and 
effectively devoted himself to fostering 
research within Japan and internationally to 
help solve the mysteries surrounding this 
disorder, always being most supportive, 
gracious, and collaborative, focusing on 
advancing understanding of the disease to 
improve patient care and outcomes. 

My wife Claire and I have been so 
fortunate for the friendship ofReiko and Tomi 
Kawasaki since the First US-Japan 
Workshop on Kawasaki Disease at Makaha, 
Hawaii, organized by Marian Melish in 
January 1984. We have traveled together in 
Kyushu, Honshu, Hawaii, Pisa, Amsterdam, 
Taiwan, Manila, Chicago, and other locales. 

The French embryologist Jean Rostand 
stated: “What a profession this is — this daily 
inhalation of wonder.” Since caring for his 
first Kawasaki patient in 1961 , Tomisaku 
Kawasaki has lived by these words. 

Stanford T. Shulman, M.D. 
Virginia H. Rogers 
Professor of Pediatric Infectious Diseases 
Northwestern University’s Feinberg 
School of Medicine 
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Chief, Division of Infectious Diseases 

Ann & Robert H. Lurie 
Children ’s Hospital of Chicago 

When the first research committee on MCLS 
[Kawasaki disease was called Muco- 
Cutaneous Lymph Node Syndrome (MCLS) at 
that time] was organized in 1970, the first 
nationwide epidemiologic survey of 
Kawasaki disease was conducted with the 
collaboration of the late Professor Itsuzo 
Shigematsu, Head of the Department of 
Epidemiology at the National Institute of 
Public Health. Since the first survey, I was in 
charge of the surveys until handing over 
responsibility to my successor, Professor 
Yoshikazu Nakamura, Department of Public 
Health, Jichi Medical University. 

I met Professor Tomisaku Kawasaki when I 
was a young staff member in the department 
and was assigned to the survey by Professor 
Shigematsu. I feel quite fortunate to have had 
this unexpected encounter with Professor 
Kawasaki and to have had the chance to come 
into contact with his personality. 

He has always said, “Be strict in medical 
research and be warm in medical practice.” 
His attitudes in clinical practice and in 
scientific research have always been 
consistent with his principles. I am convinced 
that the discovery of Kawasaki disease was a 
logical consequence of his serious attitude. 

I firmly believe that Professor Kawasaki is 
the most important person in the support and 
leadership for those involved with research 
on Kawasaki disease. I sincerely hope for his 
continued good health and happiness. 
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Hiroshi Yanagawa, M.D., Dr. Med. Sci. 

Professor Emeritus 
Jichi Medical University 
Tochigi-ken 
Japan 

Almost half a century has passed Prof. 
Tomisaku Kawasaki’s first description of a 
unique disease. He saw the first 4-year-old 
patient with fever and rash in 1961 . At that 
time he described the diagnosis “unknown” . 
This “unknown diagnosis” may be an 
important key to his serendipitous discovery 
of this new disease, based on his deep insight 
into clinical observations and scientific 
considerations. His first English article 
reported the detailed clinical findings, and 
the epidemiology of Kawasaki disease 
(KD) in Japan and was surprising because it 
described the very small number of patients 
who died from myocardial infarction 
( Kawasaki : Pediatrics 1974). In 1973, 1 
introduced coronary angiography for 
patients who recovered from acute KD and 
found that a certain number of them had silent 
coronary anewysms even if they were free 
from cardiac symptoms or normal ECG 
findings (Kato: J Pediatr 1975). Prof. 
Kawasaki appreciated our study and since 
then has always encouraged our research. My 
personal communication with Prof. Kawasaki 
started and then, and I resolved to continue 
KD research at that time. During 40 years of 
contact with Prof. Kawasaki, I have been 
honored to learn from him the clinician ’s 
careful observations and deep 
considerations, the pediatrician ’s warm and 
gentle way with children, and the scientist’s 
deep insight and careful discretion. 
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KD is not only great interest in pediatric 
medicine but also has a great impact in 
various fields of clinical medicine. In 
pediatric cardiology, KD is now a leading 
cause of acquired heart disease among 
children in Japan and North America. In the 
past, pediatric cardiologists knew little about 
the coronary arteries, but now must learn 
about coronary artery disease. Furthermore , 
patients in an earlier era already carried the 
disease to adulthood, and for a certain 
number of them coronary artery sequelae 
developed into adult coronary arteiy disease 
manifesting as a new coronary syndrome and 
premature atherosclerosis. These presented 
long-term problems in the areas of adult 
cardiology and vascular biology. 

The incidence of KD rapidly increased 
since 1960s and continuing to increase, 
particularly in Japan? This mystery likely 
depends on the etiology of the disease. The 
epidemiology suggests that KD develops in 
susceptible children exposed to a common 
infectious agent or agents. However, the 
question remains as to why KD has rapidly 
increased in incidence in Japan. Some 
additional environmental factor(s) may be 
involved. Elucidation of the etiology of the 
disease is an urgent issue, and must certainly 
be Prof. Kawasaki ’s wish. 

Hirohisa Kato, MD, PhD, FACC 
Emeritus Professor of Pediatrics 
Honorary President of the Cardiovascular 

Research Institute 
Kurume University, Japan 
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Foreword 



In January 1961, I saw my first case of what is now known as typical Kawasaki 
disease. The 4-year-old boy had unique symptom complexes, ones that I had never 
experienced in my 10-year pediatric career. I could not help but classify it as 
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Foreword 


xii 

“diagnosis unknown” when he was released from the hospital. In February 1962, 
one year later, a 2-year-old boy with suspected sepsis was admitted to the emer- 
gency room of our hospital. When I saw him, I immediately remembered the 
undiagnosed case I had seen the previous year. By the end of 1966, I had experi- 
enced 50 cases that fell into the same category. I reported these cases in an article, 
“Acute Febrile Muco-Cutaneous Lymph Node Syndrome: Clinical Observation of 
50 cases,” which was published in the Japanese journal Allergy in 1967. 

With research funds obtained from the Ministry of Health and Welfare in 1970, 
we organized a research committee, drew up a diagnostic guideline, and conducted 
the first nationwide survey. Although the committee had thought that the prognosis 
for the disease was favorable, cases of sudden death had been reported. Kawasaki 
disease is now classified as a systemic vasculitis that can result in coronary artery 
lesions. It requires not only the services of pediatric internists but also those of 
professionals from a wide range of disciplines, from the basic sciences to social 
medicine. 

One of four untreated patients develops coronary artery aneurysms, which can 
persist after the acute period and result in myocardial infarction or sudden death. 
Although intravenous immunoglobulin therapy, the standard therapy for acute 
Kawasaki disease, has reduced the incidence of coronary artery aneurysms, some 
patients are resistant to this therapy. Effective therapy is necessary for these 
patients. Unfortunately, the etiology of Kawasaki disease remains unknown despite 
the efforts of many researchers. 

It has been 53 years since I saw my first KD case, and 47 years have passed since 
the original paper on Kawasaki disease was published in Japanese. This is the first 
reference work on Kawasaki disease and provides current information regarding 
basic research, epidemiology, medical treatment, diagnosis, examination, interven- 
tions, and surgical treatment of Kawasaki disease. I hope it will be useful for all 
medical professionals, from those in basic research to those in clinical practice. 

Tomisaku Kawasaki 
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Preface 


Kawasaki Disease: Current Understanding of the Mechanism and Evidence-Based 
Treatment has been a monumental undertaking and is an appropriate tribute to the 
genius of Dr. Tomisaku Kawasaki. 

Many are familiar with the story of his first encounter with mucocutaneous 
lymph node syndrome, later renamed Kawasaki Disease, as told by Dr. Kawasaki 
himself. In January 1961 he encountered a 4-year-old boy who presented with what 
we now recognize as the classic clinical signs. After meticulously recording and 
pondering the child’s presentation and laboratory test results, Dr. Kawasaki could 
not recognize the clinical signs as those of any known childhood illness. Neverthe- 
less, with improvised treatments of intravenous hydration, penicillin, and a few 
doses of prednisone, the child’s condition improved over a few weeks and he was 
discharged without a specific diagnosis. It was not until Dr. Kawasaki saw the 
second patient with similar clinical features a year later that he suspected that he 
was seeing a new disease. Over the next 6 years, he made meticulous notes on 
50 similar cases that formed the basis of his landmark Japanese publication in 1967 
[1]. It was not until a committee convened by the Japanese Ministry of Health 
conducted a nationwide survey that it was recognized that the “benign, self-limited 
syndrome” could be associated with coronary artery aneurysms, thrombosis, and 
myocardial infarction in a subset of children. The expanded syndrome was first 
presented to Western audiences in the 1974 publication in Pediatrics entitled “A 
new infantile acute mucocutaneous lymph node syndrome prevailing in Japan” [2]. 

In 2001, the Japan Kawasaki Disease Research Center re-published his original 
1967 paper in booklet form with a side-by-side, page-by-page English translation. 
In its Preface, Dr. Kawasaki quoted a message from Dennis Burkitt (of lymphoma 
fame) to his medical students: “You should not despair if you do not have access to 
sufficient research funds or facilities: what is most important in conducting out- 
standing studies are steady observation and logical deduction.” Like Burkitt before 
him. Dr. Kawasaki has a penchant for detailed observation and intellectual honesty 
that has earned universal respect from scholars and clinicians throughout the world. 
And yet Dr. Kawasaki remains genuinely friendly and humble. He always addresses 
himself as hoku (ifi) (“servant”), and lends his ear to anyone with any topic. He 
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XIV 


Preface 


attributes his success to having able co-workers and being at the right place at the 
right time. Without Dr. Kawasaki’s missionary zeal to influence so many scholars 
from infectious disease to cardiology, from epidemiology to pathology, from all 
corners of the globe, we could not have made such strides in research efforts in the 
areas of genetics, pathology, pathogenesis, treatment, and psychosocial concerns, 
and certainly this kind of book could not have been written. 

We, the undersigned, join all the contributors to this book in saying a heart-felt 
“Thank you” to our friend and sen-sei (“teacher”), Dr. Tomisaku Kawasaki. 


Seattle, WA, USA 
San Diego, CA, USA 
Boston, MA, USA 
Tokyo, Japan 


Masato Takahashi 
Jane C. Burn 
Jane W. Newburger 
Ben Tsutomu Saji 
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The History of Kawasaki Disease: A Personal 
Perspective 


Marian E. Melish 


Abstract To understand the history of Kawasaki Disease (KD) one has to examine 
three periods of time: (A) the period from 1960 through the mid-1980s, (B) back to 
the 1870s, and (C) forward to the present. Dr. Kawasaki’s seminal paper, published 
in the Japanese-language journal Arerugi (Japanese Journal of Allergy) (Kawasaki, 
Arerugi [Japanese J Allergy] 16:178-222, 1967) in 1967, is the best starting point, 
because of its remarkably complete delineation of the clinical features of KD in 
living children, which is the basis for the diagnostic criteria we use today. The more 
than 100 years of pathologic records from the first description of fatal KD, by 
Samuel Gee in 1871, (Gee, St Barth Hosp Rep 7:148, 1871) to Kawasaki’s report 
includes the era of growing interest in and elegant description of the autopsy 
diagnosis that came to be called “infantile periarteritis nodosa”. (Munro-Faure, 
Pediatrics 23:914-926, 1959; Roberts and Fetterman, J Pediatr 63:519-529, 1963) 
The most recent period, from the mid-1980s to the present, marks the period of 
international cooperation, heightened interest, and scientific progress in the under- 
standing of this still enigmatic disease. The following chapters will outline the 
many areas of scientific progress. The history of KD is very personal to me as 1 have 
had the special privilege to be a participant in all these eras of discovery. 

Keywords Tomisaku Kawasaki • Infantile periarteritis nodosa • Mucocutaneous 
lymph node syndrome • Mucocutaneous ocular syndrome 


Introduction 

To understand the history of Kawasaki Disease (KD) one has to go through three 
periods of time: (A) the period from 1960 through the mid-1980s, (B) back to the 
1870s, and (C) forward to the present. Dr. Kawasaki’s seminal paper, published in 
the Japanese-language journal Arerugi (Japanese Journal of Allergy) [1] in 1967, is 
the best starting point, because of its remarkably complete delineation of the 
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clinical features of the disease in living children, which is the basis for the 
diagnostic criteria we use today. The more than 100 years of pathologic records 
from the first description of fatal KD, by Gee in 1871, [2] to Kawasaki’s report 
includes the era of growing interest in and elegant description of the autopsy 
diagnosis that came to be called “infantile periarteritis nodosa” (IPN). [3, 4] The 
most recent period, from the mid-1980s to the present, marks the era of interna- 
tional cooperation, heightened interest, and scientific progress in the understanding 
of this still enigmatic disease. The following chapters will outline the many areas of 
scientific progress. The history of KD is very personal to me as I have had the 
special privilege to be a participant in all these eras of discovery. 


The Era of Clinical Description and Pathologic Recognition: 
1960-1984 

I came of age in medicine in the 1960s, already fascinated by the elegant case series 
of IPN presented by Munro-Faure, and Roberts and Fetterman, when I saw my first 
two patients with KD in 1967, as a pediatric resident in Rochester, New York. 
Unable to reach a diagnosis, we presented the first case at Grand Rounds to a 
fascinated audience. Our colleagues were as puzzled as we were, so, like Kawasaki 
when he saw his first case in 1960, we filed these two cases away in our minds under 
“God only knows”. [5] I had the good fortune to come to Hawai‘i as an Assistant 
Professor in 1972. I began to see more puzzling cases and met my rheumatologist 
colleague. Dr. Raquel Flicks, at the bedside of febrile children with persistent fever, 
conjunctivitis without exudate, stomatitis, rash, arthritis, and urethritis. As newly 
minted academic physicians we had trouble believing that we were seeing a new or 
previously undescribed disease. We were sure that these children had the same 
unique disease and were toying with the idea that they might have a childhood 
version of Reiter syndrome, because of the triad of conjunctival involvement, 
arthritis, and urethritis common to most of our patients. We also became aware 
that our pathologist colleague. Dr. Eunice Larson, had diagnosed IPN in a child who 
died in our Children’s Hospital in the year before our arrival. The clinical features 
he had before his sudden death — bilateral thrombosed aneurysms on the 22nd day 
of illness — were very similar to those in the children we were seeing. In 1973, at the 
time of our 12th case, we had lunch with Dr. Fumio Kosaki, a colleague of 
Dr. Kawasaki at the Japan Red Cross Hospital, who was on the final stop of a 
personal tour of North American Children’s Hospitals. He showed us photographs 
of children with mucocutaneous lymph node syndrome (MCLS). He had shown 
these photographs and described Kawasaki’s diagnostic criteria at all the medical 
centers he had visited and no one recalled seeing any similar cases. We said that we 
were not only very familiar with the symptom complex but indeed had a compatible 
patient in the hospital on that same day. Dr. Kosaki visited the patient with us and 
agreed that it was Kawasaki’s MCLS. We were momentarily chagrined that we 
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were not the first to recognize a new disease but pleased to know that we were 
correct in our suspicion that it was a unique entity. We began corresponding with 
Dr. Kawasaki in Japanese, grateful that we had many nurse and housekeeper 
colleagues who were fluent in Japanese. We presented our experience at the May 
1974 meeting of the North American Society for Pediatric Research and published 
our series of 16 cases in 1976 [6]. 

Meanwhile, events had been progressing rapidly in Japan since 1967. 
Kawasaki’s presentations and publication were initially met with skepticism as to 
whether his cases were a newly recognized disease entity or a variant of scarlet 
fever, Stevens-Johnson syndrome, or erythema multiforme. There were reports and 
small case series from other Japanese physicians of what was called mucocutaneous 
ocular syndrome (MCOS), which did not fully match Kawasaki’s criteria but would 
now fall under the expanded KD umbrella. The pathologist at the Japan Red Cross 
Hospital, Dr. Noboru Tanaka, autopsied a child who Kawasaki had diagnosed as 
having MCOS. That child died suddenly and unexpectedly and had post-mortem 
findings of coronary thrombosis [7], 

The presence of cardiac involvement in living children meeting MCLS and 
MCOS characteristics at another Tokyo hospital was reported in a paper published 
in 1968 by Takajiro Yamamoto [8]. The controversy and interest regarding MCLS/ 
MCOS led to the formation of a research group and the First National Survey of 
MCLS just 3 years after Kawasaki’s first paper. This survey was supported by the 
Japanese Ministry of Health and was headed by an epidemiologist, Dr. Itsuzo 
Shigematsu. A questionnaire using Kawasaki’s diagnostic guidelines and photo- 
graphs of the major features in a brochure were sent to children’s hospitals with 
over 100 beds. It included questions about cardiac complications encountered. 

The First National Survey validated Kawasaki’s description of a new clinical 
entity and demonstrated an astonishing prevalence for a previously unrecognized 
entity: 415 hospitals (43% response rate) reported 3140 cases during the decade 
1961-1970. There was a monomodal age distribution with a peak in the second year 
of life, a male:female ratio of 1.5-1, and a seasonal distribution of cases, with 
clusters in winter and spring [9], 

Until that time Kawasaki believed that MCLS was severe and often prolonged 
but ultimately benign and self-limited. He was surprised by the results of the First 
National Survey, which reported 10 cases of sudden death in children meeting his 
diagnostic criteria [10] The first two national surveys demonstrated an annual case- 
fatality rate of 1.7 %. Four of the first 10 cases were autopsied; all had thrombosed 
coronary artery aneurysms. The histologic appearance was similar to the pathologic 
diagnosis generally reported as infantile periarteritis (or polyarteritis) nodosa (IPN) 
[11], Initially, Japanese pathologists disagreed about how similar these cases of 
fatal MCLS were to IPN. Controversy aside, the reports of sudden death due to 
coronary disease focused attention on the cardiovascular system of all children with 
MCLS. This was explored elegantly by the coronary angiography studies of 
Dr. Hirohisa Kato, which revealed coronary dilation and aneurysms in 12/20 
MCLS patients with no cardiac symptoms [12], The period 1970-1984 was one 
of active research and discovery in Japan with ever increasing yearly KD incidence, 
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introduction of noninvasive echocardiography allowing for universal screening and 
monitoring of coronary abnormalities, more complete discovery of the natural 
history of KD (namely, the findings that coronary aneurysms occur in 20-25 % of 
patients and peripheral aneurysms in 5 % of patients), and the first nationwide 
epidemics, in 1979 and 1982 [13]. Japanese physicians and scientists held regular 
research meetings and established collaborations. Because of the usefulness of anti- 
inflammatory doses of aspirin in acute rheumatic fever, this therapy became 
standard for KD. Toward the end of this period came the seminal collaborative 
study of Dr. Kensi Furusho and colleagues from several institutions, which dem- 
onstrated that 1.6 g of intravenous immunoglobulin (IVIG) plus aspirin (n = 40) 
was more effective than aspirin alone (n = 45) in reducing transient (incidence: 
15% vs. 42%, respectively) and persistent (31% vs. 8%) coronary artery 
abnormalities [14], 

During this period interest in KD was building in North America and Europe but 
active investigation in those regions was far less robust than in Japan. The oppor- 
tunity for investigators to meet and collaborate was very limited. Review of the 
histories and pathologic findings of cases diagnosed as IPN in continental North 
America and fatal KD cases in Hawai‘i and Japan confirmed that they were 
indistinguishable but different from adult or classical periarteritis nodosa 
[15]. Echocardiography and angiography findings became established and reported 
[16, 17]. Community-wide epidemics were reported in several regions [18, 19]. A 
racial difference in incidence was established: children of Japanese ancestry had a 
markedly elevated risk as compared with children of European ancestry living in 
the same multiethnic community [19, 20]. 


Back to the Future: 1871-1984 and Other Riddles of KD 


Disease is very old, and nothing about it has changed. It is we who change, as we learn to 
recognize what was formerly imperceptible. (De /’ expectation en medecine. Jean Marie 
Charcot 1825-93) 

Gee’s report of the death, in 1871, of an English boy with thrombosed coronary 
aneurysms and Malet’s report in the Lancet in 1887 show that fatal KD was present 
in Europe in the nineteenth century [2], At its emergence in Japan in the 1960s, KD 
had a case fatality rate of 1.7%. But where were the 98% of non-fatal cases? 
Starting in the 1930s there were many single case reports of IPN in the United 
States, all diagnosed at autopsy and most with clinical features we would now 
recognize as KD. Roberts and Fetterman were able to develop an autopsy series, but 
no clinician had encountered and followed more than one IPN patient in his/her 
lifetime. Monro-Faure, and Roberts and Fetterman, recognized, and very nearly 
described, the principal diagnostic features of KD retrospectively from the case 
reports [3, 4], While alive these patients had received diagnoses of Stevens- 
Johnson syndrome, erythema multiforme, scarlet fever, and hypersensitivity reac- 
tion, as had the early KD patients identified in the First National Survey in Japan. It 
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seems likely that KD had sometimes been misdiagnosed as measles, adenovirus, or 
enterovirus infection among patients in North America [21]. The presence of these 
confounding conditions explains how KD was “hiding in plain sight” in North 
America and Europe, where we know it existed from reports of fatal cases in the 
pathologic record. In Japan, however, KD may have emerged, as both a pathologic 
and clinical entity, in the 1950s. The search for evidence of convincing KD autopsy 
and clinical cases before 1950 has been unrewarding [22], Fatal cases with autopsy 
findings consistent with KD were seen in the Annual of Pathologic Autopsy Cases 
from 1960 to 1970, and had received varied clinical diagnoses. From 1970 through 
1982 there was a striking increase in the number of autopsy KD cases, and a steady 
fall from the mid-1980s, due to better diagnosis and treatment. Unfortunately, the 
autopsy registry began in 1958 [23]. A review of clinical records at Tokyo Univer- 
sity Hospital from 1940 to 1965 identified diagnoses that could mimic KD and 
revealed 10 apparent KD cases from 1950 to 1967 but no convincing cases from 
1940 to 1950 [24, 25]. Among the many unsolved mysteries of KD is the microbial 
or environmental agent that may have triggered the sudden emergence of the still 
expanding epidemic of KD cases among the uniquely susceptible child population 
of Japan [26], 


The Era of Enhanced Discovery and International 
Collaboration: 1984-2015 

In contrast to their colleagues in Japan, the relatively small number of clinicians and 
researchers interested in KD in North America and Europe were isolated and not 
fully aware of the progress being made in Japan. I organized what would become 
the First International Kawasaki Disease Symposium (IKDS), which was held at 
Makaha Hawaii in January of 1984. At that meeting the North American colleagues 
learned much more from the leading Japanese researchers than we contributed. 
Nevertheless, we established productive and personal relationships that have 
endured and produced many advances in the understanding of KD. Members of 
the US contingent organized the first US Multicenter Trial of the Efficacy of IVIG 
in the Treatment of Kawasaki Syndrome at that meeting [27]. The following IKDS 
conferences have been held in Asia or the US every 3—4 years, most recently, the 
1 1th IKDS in Honolulu Hawai‘i in February 2015. These meetings invite abstracts 
and have research poster and oral presentations with invited lectures focusing on 
new directions. The major sessions at the 11th IKDS were on epidemiology, 
genetics, etiology and pathogenesis, animal models, clinical studies in diagnosis/ 
biomarkers, therapy, imaging, natural history, and long-term prognosis, with 
invited lectures on the conduct of clinical trials and a session on collaborative 
research. KD is now recognized among children of all racial and ethnic groups in all 
continents. Major advances in clinical care have reduced the mortality rate and 
severity of vascular disease, helped define the natural history and long-term 
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prognosis, and increased interest in the genetics of susceptibility in various 
populations. KD cases are seen worldwide, but the disease remains underdiagnosed 
and undertreated in most areas with low prevalences and in locations where it has 
only recently been diagnosed for the first time. The etiologic agent has not been 
discovered, and a sensitive and specific diagnostic test is not available. IVIG, the 
current standard therapy, is expensive, requires hospitalization for administration, 
and fails to control inflammation in 15-20% of cases. Serious coronary vascular 
lesions still develop, with no proven effective adjunctive therapy. Despite our 
historical progress there is much work to be done to remove this threat to the 
children of the world. 
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Histopathology of Coronary Arteritis 
in Acute Kawasaki Disease and Murine 
Systemic Vasculitis Induced by Candida 
Albicans Cell Wall Polysaccharide 


Toshiaki Oharaseki, Yuki Yokouchi, Yasunori Enomoto, 
and Kei Takahashi 


Abstract This chapter describes the characteristics of Kawasaki disease vasculitis 
and a Candida albicans cell wall polysaccharide-induced murine vasculitis model. 
Kawasaki disease vasculitis and murine vasculitis have a number of similarities, 
namely, (1) vasculitis readily develops at bifurcations of medium-sized arteries, 
(2) inflammatory cell infiltrate mainly comprises neutrophils and macrophages; 
fibrinoid necrosis is rare, (3) vasculitis follows the typical course of acute inflam- 
mation, (4) proinflammatory cytokines such as tumor necrosis factor a are closely 
associated with vasculitis onset, and (5) vasculitis shows some response to IVIG 
therapy and anti-tumor necrosis factor a therapy. 

Keywords Kawasaki disease • Arteritis • Pathology • Candida albicans • 
Pathogen-associated molecular patterns (PAMPs) 


Introduction 

Kawasaki disease (KD) is an acute febrile disease of children and is classified as a 
vasculitis syndrome. Relapse and recurrence are rare, but most cases follow the 
typical course of acute inflammation. This is a major difference between KD and 
other types of vasculitis, such as polyarteritis nodosa and Takayasu arteritis. 

This chapter outlines the histopathological features of coronary arteritis in acute 
KD, describes the characteristics of a KD vasculitis model, and explains the 
similarities between this model and KD vasculitis. 
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Histopathological Characteristics of Coronary Arteritis 
in Acute KD 

KD is characterized by a high incidence of infiltration of epicardial coronary 
arteries. The origins of coronary arteries are particularly prone to aneurysm devel- 
opment. Occasionally, a bead-like aneurysm forms along the entire length of the 
coronary artery outside the muscle layer, starting at the origin [1—4]. 

Histologically, the earliest changes are seen on the sixth to eighth day of illness, 
starting with edematous changes in the media and progressing to neutrophil and 
macrophage infiltration of the intima and adventitia. By the 10th day of illness, 
inflammation in the intima and adventitia merges, forming panvasculitis across all 
layers of the vessel wall. The lesion exhibits inflammatory cell infiltration by 
macrophages and neutrophils and proliferative changes of fibroblasts, among 
other changes [5]. Inflammation rapidly worsens and becomes panvasculitis involv- 
ing all layers of the vessel wall. Even at the peak of inflammation, fibrinoid necrosis 
like that seen in polyarteritis nodosa is rare. If the internal and external elastic 
lamina and smooth muscle cells in media are damaged by severe inflammation, the 
artery becomes unable to withstand the pressure of the blood and dilates; thus, 
aneurysm formation is complete by about the 12th day of illness. Thrombi readily 
form inside the aneurysm and are a cause of ischemic heart disease (Fig. 1). 
Therefore, completion of treatment by the 10th disease day is important in 
preventing aneurysm formation. 

Severe inflammatory cell infiltration persists until around the 25th day of illness, 
after which it usually gradually subsides. Infiltration is usually almost gone by 
about the 40th day of illness. Therefore, KD vasculitis generally exhibits the typical 
course of acute inflammation. Scarring remains if the vessel wall undergoes a 
certain degree of destruction. If a giant aneurysm persists, long-term antithrombotic 
and anticoagulant therapy is required. 

A recent study of KD vasculitis histology reported findings that differed from 
previously reported results [6]. The authors described a subacute/chronic vasculitis 


Fig. 1 Histology of 
coronary aneurysm with 
thrombotic occlusion in 
acute KD 
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that is usually observed several months to years after KD onset. Although this may 
represent a new disease pattern, it is necessary to clarify the clinical characteristics 
of the patients studied. Our group has examined more than 100 KD autopsy cases 
but has never found evidence of chronic vasculitis. 


The C. Albicans Cell Wall Polysaccharide-Induced Murine 
Vasculitis Model 

Mice [7-9] , rabbits [10], and swine [11] have been used as models of KD vasculitis. 
Here, we describe systemic vasculitis induced in mice by a C. albicans cell wall 
polysaccharide. 


Model Development and Description of the Vasculitis- 
Inducing Agent 

This vasculitis model was originally reported by Murata, in 1979 [7]. He 
ascertained that the amount of Candida in stool was significantly greater in children 
with KD than in healthy control children and that anti -Candida antibody titers were 
higher than in patients with scarlet fever. As an inflammatory agent, Murata 
initially used a polysaccharide component extracted from C. albicans with alkali. 
However, it was later found that a similar vasculitis could be induced with a 
polysaccharide released into the supernatant when Candida was cultured in a 
completely synthetic medium [12]. The inflammatory agent is a complex of man- 
nan, beta-glucan, and protein [13]. Interestingly, the structure of the polysaccharide 
varies with the culture conditions, resulting in differences in vasculitis-inducing 
activity [14]. The receptor for the inflammatory substance was identified as dectin- 
2, which is believed to be involved in innate immunity in the onset of 
vasculitis [15]. 


Histopathological Characteristics of C. Albicans 
Polysaccharide-Induced Murine Vasculitis 

In this model, the coronary bifurcation and aortic root are the most frequent sites of 
vasculitis (Fig. 2a). In addition to the coronary arteries, vasculitis develops in renal 
arteries, common iliac arteries, at bifurcations of medium-sized arteries such as the 
intercostal arteries, and the aorta. In all vascular lesions, the main infiltrating 
inflammatory cells are neutrophils and macrophages (Fig. 2b) [16]. Small numbers 
of T lymphocytes are seen in the adventitia but almost no B lymphocytes. This 
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Fig. 2 Histology of murine 
coronary arteritis induced 
by polysaccharide extracted 
from Candida albicans with 
alkali, (a) Low-power view 
(elastica van Gieson stain), 
(b) High-power view 
(hematoxylin and eosin 
stain) 



vasculitis follows a typical course of acute inflammation, ie, inflammation gradu- 
ally disappears and lesions become scar tissue. 


Relationship of Mouse Genetic Background to Cytokines 
and Vasculitis 

The incidence of vasculitis development in this model differs among mouse strains, 
which indicates that genetic factors are involved in vasculitis development 

[16] . Although the disease-associated genes have not yet been identified, two 
chromosomal regions have been reported to be associated with vasculitis 

[17] . Numerous genes related to inflammation are clustered in those regions. 
Cytokine production in response to exposure to Candida - derived polysaccharide 

also differs between mouse strains. Splenocytes obtained from a high-incidence 
mouse strain produced proinflammatory cytokines such as IL-ip, IL-6, and TNF-a, 
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whereas low-incidence-strain cells did not and instead produced IL-10, an anti- 
inflammatory cytokine [18]. 


Response of C. Albicans Polysaccharide-Induced Vasculitis 
to Treatment 

The vasculitis in this model was suppressed by administration of a high-dose human 
immunoglobulin [19]. 

In recent years, anti-TNF-a agents have been used as additional therapy for IVIG 
nonresponders. Anti-TNF-a agents potently suppress vasculitis in this murine 
C. albicans polysaccharide-induced vasculitis model, and TNF-a is thus believed 
to be closely associated with vasculitis development [20]. 

There is still no animal model that exhibits all the clinical symptoms of 
KD. However, the C. albicans cell wall polysaccharide-induced murine vasculitis 
model described here is similar to KD vasculitis in histopathological characteristics 
and vasculitis course, the principal feature of KD. 
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Histopathological Characteristics 
of Noncardiac Organs in Kawasaki Disease 
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and Yoshinori Enomoto 


Abstract Kawasaki disease (KD) causes inflammation in medium-sized muscular 
arteries throughout the body, including the coronary artery, and is thus classified as 
a systemic vasculitis syndrome. In this chapter we review the histopathology of 
noncardiac organs, with a focus on vascular lesions. The main histopathological 
characteristic of KD vasculitis is proliferative inflammation consisting of marked 
accumulation of monocytes/macrophages. Vasculitis throughout the body starts at 
disease onset, rapidly reaches an inflammatory peak, and then slowly subsides and 
heals with scarring. KD vasculitis is thus a monophasic inflammatory process. 

Keywords Kawasaki disease • Systemic vasculitis syndrome • Pathology • 
Macrophages 


Introduction 

Histopathological observation of Kawasaki disease (KD) has focused on the coro- 
nary artery because coronary arterial lesions are directly associated with mortality 
and long-term outcomes. However, noncardiac lesions must also be considered 
when describing KD pathology and etiology. In this chapter, we review the histo- 
pathology of noncardiac organs in KD, with a focus on vascular lesions. 


Brief Overview of Systemic Vascular Lesions in KD 

In the 1980s systemic vasculitis in KD was histologically evaluated in the body by 
Amano et al. [1], Hamashima et al. [2], Naoe et al. [3], and Landing et al. [4]. They 
reported that, although the incidence was highest for coronary arteritis, vasculitis 
developed at various other sites in the body (Table 1). Amano et al. [1] and 
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Hamashima et al. [2] reported that vasculitis started in arterioles, venules, and 
capillaries, and inflammation disseminated to larger arteries, including the coronary 
artery. Naoe et al. [3] reported that KD vascular lesions started in the tunica interna 
and externa of medium-sized muscular arteries, such as the coronary artery. The 
size of vessels in which inflammation starts is unclear, but researchers agree that the 
histological characteristic of KD vasculitis is proliferative inflammation consisting 
of markedly accumulating monocytes/macrophages — fibrinoid necrosis is rare — 
and that vasculitis in KD starts at disease onset, rapidly reaches an inflammatory 
peak, and then slowly subsides and heals with scarring. Thus, KD vasculitis is a 
monophasic inflammatory process. However, Landing et al. [4] observed vasculitis 
scars in about one-third of arteries in patients who died during the acute stage 
(within 2 weeks after onset) and acute inflammation in about half of arteries even at 
3 months after onset. These findings show that vasculitis during the acute and 
cicatricial phases is mixed in KD. Our observations indicate that the course of KD 
vasculitis is synchronous throughout the body [5], The mixed presence of acute- 
phase and cicatrical-phase vasculitis is a histological feature of polyarteritis nodosa 
(PAN). Patients with PAN during childhood might have been included in the survey 
reported by Landing et al. 


Histological Changes in Noncardiac Organs in KD 

Kidney The incidence of panarteritis in kidney varies [6-8]. Asaji et al. [6] 
observed panangiitis or its resultant scarring in kidney arteries during autopsy in 
75 % of KD patients who died 6 days to 1 1 years after KD onset. Arteritis developed 
in a patient who died on the 13th illness day, and proliferative inflammation was 
noted in patients who died on days 17-28. Inflammation resolved after day 30. 
Panangiitis is localized in the interlobar arteries and rarely develops in arcuate and 
interlobular arteries [Fig. 1]. Renal aneurysm is a known complication, and renal 
hypertension due to renal arterial stenosis has been reported [9], Regarding glo- 
merular lesions, the presence of segmental or global glomerulosclerosis has been 
frequently reported, but such changes are considered to be physiological changes 
occurring with childhood development, ie, infantile glomerulosclerosis. Focal 
segmental mesangial proliferation is another reported glomerular change in KD 
[7, 10]. Tubular changes were reported in 8 % of cases [6]. 

Liver Liver dysfunction is a frequent complication of acute KD. Tanaka et al. [11] 
performed liver biopsies of 19 patients at 7-36 days after KD onset and observed 
fatty and edematous degeneration of hepatocytes and severe inflammatory cell 
infiltration in the portal area in most of them. Vascular inflammation in the portal 
area was unclear, and hepatic changes were assumed to be caused by toxicity rather 
than by circulatory impairment. Ohshio et al. [12] reported frequent inflammatory 
cell infiltration in the portal area during acute KD and that, in the portal area, 
cholangitis and pericholangitis were more noticeable than vasculitis. 
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Table 1 Incidence of arteritis in various organs 



Amano [ 1 ] 

Hamashima [2] 

Naoe [31 

Landing [4] 

Aorta 

100% 

82% 

+ 

41% 

Carotid A 

75% 


+ 

23% 

Subclavian A 

71% 

67% 

+ 


Celiac A 

79% 

63% 

+ 


Iliac A 

100% 

93% 

+ 


Coronary A 

100% 

95% 

95% 

100% 

Renal A 

80% 

64% 

73% 

55% 

Mesenteric A 

79% 

86% 

+ 

27% 

Hepatic A 

76% 

44% 

+ 

23% 

Intercostal A 

58% 

60% 

+ 


Spleen 

50% 


11% 

50% 

Gastrointestinal tract 



10% 

18% 

Paratrachea 



+ 

36% 

Pancreas/peripancreas 



31% 

36% 

Adrenal/periadrenal 



+ 

32% 

Spermatic cord 



+ 

41% 

Testis 


67% 

15% 

18% 

Vagina 



+ 

9% 

Uterus 



+ 

5% 

Skeletal muscle 




27% 

Meninges 


36% 

1% 

5% 

Pulmonary A 

71% 

50% 

59% 

32% 


Pancreas and Spleen Vascular lesions in the pancreas developed in 30% of 
autopsy patients examined. The lesions were located at sites up to the pancreatic 
interlobular arteries. Vasculitis started on the 10th illness day, reached an inflam- 
matory peak at about day 28, and then healed, although fibrous intimal thickening 
remained [13]. Yoshioka et al. [14] reported that inflammatory cell infiltration of 
the pancreatic duct and surrounding tissue and vasculitis were characteristic find- 
ings and that inflammation was marked in the pancreatic duct during acute 
KD. Regarding the spleen, arteritis was noted in the hilar and trabecular regions 
of arteries, and histological changes were similar to those in the pancreas [13], 

Gallbladder Masuda et al. [15] histopathologically investigated gallbladders that 
were surgically excised after a diagnosis of cholecystitis in four patients with acute 
KD and observed characteristic nonspecific acalculous cholecystitis. Regarding 
vascular changes, perivascular cell infiltration was present, but panangiitis was 
noted in only one of the four patients, and panangiitis was noted in an artery in the 
subserosal layer. Gallbladder inflammation improved as KD resolved, which indi- 
cates that surgical excision of a swollen gallbladder is unnecessary in patients 
with KD. 
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Fig. 1 Arteritis in the kidney. Panarteritis is localized in the interlobar arteries in the renal hilar 
region {arrow). The lesions show proliferative inflammation consisting of markedly accumulating 
macrophages, {left: Azan-Mallory stain; right: H & E stain) 


Gastrointestinal Tract Vasculitis was noted in 10% of KD patients at autopsy 
[16] but was exclusively localized in arteries in the subserosa and not present 
between the mucosal and muscular layers. Ulcers were present in three patients, 
and reactive hyperplasia of lymphoid follicles was often noted in mucosa at the end 
of the ileum. Nagata et al. [17] immunohistochemically investigated biopsy spec- 
imens of small-intestinal mucosa and hypothesized that the antigen that activates 
CD4-positive cells in intestinal mucosa and intestinal epithelial cells is associated 
with KD development. 

Skin Changes in the skin are a principal clinical finding in KD diagnostic guide- 
lines, and many pathological observations have been reported. These reports can be 
summarized as follows [18, 19]: (1) skin lesions are characterized by markedly 
inflammatory edema accompanied by vasodilatation in the dermal papillary layer 
and fibrin exudation; (2) endothelial cells are enlarged and surrounded by infiltrat- 
ing monocytes/macrophages and CD4-positive T cells, although very few neutro- 
phils and B cells were present; and (3) panangiitis is absent. Immunohistological 
studies showed that IL-la and TNF-a are strongly positive in the acute phase but 
negative during recovery [20], These changes are marked in BCG vaccination 
scars, and granulomatous inflammation was noted in some patients [21]. 

Lymph Nodes Cervical lymph node swelling is also a principal clinical finding in 
KD diagnostic guidelines and is present in 70 % of acute cases. Yokouchi et al. [22] 
reported that histological changes occur not only in the cervical region but also in 
lymph nodes throughout the body. Most lymphadenopathy is nonspecific and is 
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caused by sinus expansion and paracortical zone enlargement, but there are also 
necrotic lesions of various sizes that are likely due to ischemic changes in some 
lymph nodes. Necrotic foci start to develop immediately below the capsule and are 
accompanied by fibrin thrombi in small vessels and perivascular nuclear debris. 
Especially in cases of cervical lymph nodes with necrosis, a high degree of 
nonpurulent inflammation develops in the lymph node capsule and surrounding 
connective tissue. 

Lung Panvasculitis developed in the pulmonary artery in 59 % of patients within 
60 days after onset, and inflammation was localized to the elastic pulmonary artery 
at sites up to the fourth branching [23]. The earliest change in the pulmonary artery 
was edematous dissociation of the tunica media in a patient who died on the 13th 
illness day. The condition progressed to severe panarteritis on the 25th-30th illness 
day. After day 30, inflammation started to subside, and scars formed in patients who 
died at 3 months. No aneurysm or arterial dilatation was noted in the pulmonary 
artery, perhaps due to low blood pressure. During acute KD, some patients have 
interstitial lung shadows. On autopsy, interstitial changes were observed in 3 1 % of 
patients who died on the 29th-57th illness day. Histologically, the changes 
corresponded to diffuse alveolar damage [24]. 

Central Nervous System Aseptic choriomeningitis and/or leptomeningitis was 
noted in about half of KD autopsy cases, and mild or moderate inflammatory cell 
infiltration by lymphocytes, monocytes/macrophages, and a few neutrophils was 
observed. Edema in perivascular or perineuronal areas and a localized spongy state 
were occasionally noted. Regarding cerebral blood vessels, perivascular inflamma- 
tory cell infiltration was observed, but panangiitis was not [25]. 
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Identification of Novel Kawasaki Disease 
Susceptibility Genes by Genome-Wide 
Association Studies 


Yoshihiro Onouchi 


Abstract Completion of the Human Genome Project has helped in identifying 
disease genes, particularly with regard to mapping high-density single nucleotide 
polymorphisms and development of high-throughput genotyping platforms, which 
have considerably advanced research on complex disorders. Genome-wide searches 
are now practical and led to identification of genetic variations within previously 
unexamined genes relevant to diseases. In a genome-wide linkage study, the author 
and colleagues discovered that ITPKC and CASP3 are common susceptibility genes 
for Kawasaki disease. This prompted examination of the Ca 2+ /NFAT pathway and a 
subsequent continuous series of newly identified Kawasaki disease susceptibility 
genes. The recent identification of the FCGR2A, BLK, CD40, and HLA class II gene 
regions in genome-wide association studies has shed new light on the pathogenesis 
of Kawasaki disease. 

Keywords Kawasaki disease • Susceptibility gene • Single nucleotide 
polymorphism • Genome-wide association study 


Introduction 

Although clinical and epidemiological features suggest the presence of infectious 
triggers in Kawasaki disease (KD) pathogenesis, genetic components appear to 
have important roles. KD is thus a multifactorial disease, and its pathogenesis 
involves both environmental and genetic factors. These two elements must there- 
fore be unraveled before the cause of KD is fully understood. 
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History of the Genetic Study of KD 

Until the draft sequence of the human genome was released, genetic studies of 
complex diseases were based on limited information of sequence variation in genes 
of interest. Most studies investigated several known polymorphisms in candidate 
genes (e.g., human leukocyte antigen [HLA] and cytokine genes) [1]. Unfortu- 
nately, these candidate gene studies could not identify a susceptibility gene that was 
repeatedly found to be associated with KD. 


Genomic Studies of KD in the Post-Genomic era 

Completion of the Human Genome Project, along with single nucleotide polymor- 
phism (SNP) and haplotype mapping by the International HapMap project and the 
development of high-throughput genotyping platforms, has enabled genome-wide 
scans for susceptibility genes of complex diseases. In particular, establishment of a 
method for genome-wide association studies (GWAS) has dramatically improved 
such studies. Today, six susceptibility genes/loci for KD were found to have 
significant associations in GWAS (Table 1). 


ITPKC 

A SNP located in intron 1 of the inositol 1,4,5-trisphosphate 3-kinase C (ITPKC) 
gene, in the 19ql3.2 region, was found to be significantly associated with KD 
susceptibility [2]. A positive linkage signal had been identified in an earlier 
genome-wide linkage study [3]. ITPKC is a kinase of inositol 1,4,5-trisphosphate, 
the second messenger molecule in the Ca 2+ /NFAT signaling pathway, which trans- 
duces signals from various surface receptors (Fig. 1). ITPKC is believed to nega- 
tively regulate this pathway, and the associated SNP allele (C allele of rs28493229) 
reduces expression of ITPKC mRNA in peripheral blood mononuclear cells 
(PBMCs). The association of rs28493229 with KD has been replicated in several 
populations [4, 5], 


CASP3 

A positional candidate gene study of the 4q34-35 region, where a positive linkage 
signal was reported [3], identified SNPs around the caspase-3 ( CASP3 ) gene that 
were significantly associated with KD [6], CASP3 is an effector caspase that 
directly cleaves cellular proteins and triggers apoptosis, rsl 13420705, one of the 
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Table 1 Functions of KD susceptibility genes and possible roles in disease pathogenesis 


Location 

Gene 

Gene 

product 

function 

Effect of 

susceptibility allele 
on gene function 

Possible influence of 
susceptibility allele on KD 
pathogenesis 

lq23 

FCGR2A “ 

IgG Fc 
receptor 

Increased binding 
affinity of the pro- 
tein to IgG2 isotype 

Enhanced neutrophil/mac- 
rophage activation 

4q34— 

q35 

CASP3 

Executioner 
of cellular 
apoptosis 

Decreased mRNA 
expression 

Increased longevity of acti- 
vated immune cells 

6p21.3 

Undetermined 

C HLA or 
non -HLA 
genes) 

Antigen pre- 
sentation 
(HLA) 

Unknown 

Unknown 

8p23- 

p22 

BLK or 

FAM167A 

BLK: 

nonreceptor 
protein tyro- 
sine kinase 

FAM167A: 

function 

unknown 

Decreased (BLK) or 
increased 

(FAM167A) mRNA 
expression 15 

Unknown 

19ql3.2 

1TPKC 

Kinase of 
inositol 

1,4,5- 

trisphosphate 

Decreased mRNA 
expression 

Enhanced activation of 
inflammatory cells and 
vascular endothelial/ 
smooth muscle cells 

20ql2- 

q!3.2 

CD40 

Receptor of 
CD40L 

Increased protein 
expression 

Enhanced activation of 
inflammatory cells and 
vascular endothelial/ 
smooth muscle cells 


“It is possible that other variants within neighboring FCGR genes confer KD susceptibility 
b Observation in B lymphoblastoid cell lines from a European population [14] 


associated SNPs located in exon 1 of CASP3, affects CASP3 mRNA expression, 
and the risk allele (A) expresses less CASP3 mRNA, as compared with the opposite 
allele (G), in PBMCs [6]. CASP3 is pivotal in the apoptosis of immune cells; thus, 
reduced CASP3 expression likely facilitates sustained activation of immune cells 
and progression of KD inflammation. The results of several replication studies and a 
meta-analysis of these studies support an association of rs 113420705 with KD [7], 


FCGR2A 

SNPs near the Fc gamma receptor (FCGR) gene cluster on chromosome lq23 were 
associated with KD in a GWAS of a European population [5], The strongest 
significant association was for a functional SNP of the Fc fragment of IgG, low 
affinity Ha, receptor (FCGR2A) gene, and this association has been confirmed in 
different ethnic groups [8, 9]. FCGR2A is expressed on neutrophils and 
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Fig. 1 Possible roles of KD susceptibility genes in the Ca 2+ /NFAT pathway. TCR T-cell receptor, 
BCR B-cell receptor, FCGRs Fc gamma receptors, GPCRs G-protein-coupled receptors, PLC 
phospholipase C, P1P2 phosphatidylinositol 4,5-bisphosphate, IP 3 inositol 1,4,5-trisphosphate, 
IP3R inositol 1,4,5-trisphosphate receptor, 1P4 inositol 1,3,4,5-tetrakisphosphate, DAG 
diacylglycerol, PKC protein kinase C, ITPKC inositol 1,4,5-trisphosphate 3-kinase C, CASP3 
caspase-3, ER endoplasmic reticulum, NFAT nuclear factor of activated T-cells, CsA 
cyclosporine A 

macrophages and transduces the activation signal when ligated with immune 
complexes and clustered on the cell surface. The associated allele (A) of the SNP 
(rs 180 1274 A/G) changes the 131st amino acid from arginine to histidine and 
enhances its binding affinity to the IgG2 subclass. 
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BLK 


Two independent GW AS, in Japan [9] and Taiwan [10], identified significant 
associations of SNPs in the 8p23-p22 region. The association peak at this locus 
was located in the intergenic region between the B lymphoid kinase (BLK) and 
family with sequence similarity 167, member A ( FAM167A ) genes. SNPs in this 
area have been associated with multiple autoimmune diseases. Because BLK is 
expressed mainly in B cells and is involved in B cell receptor signaling, BLK, but 
not FAM167A (which has not been characterized functionally), is considered a 
susceptibility gene because of the pivotal roles of B cells in autoimmunity. 


CD40 

CD40, also known as TNF receptor superfamily member 5 ( TNFRSF5 ), is located 
on chromosome 20ql2-ql3.2. It is expressed on the cell surface of antigen- 
presenting cells and vascular endothelial cells and is stimulated when ligated with 
CD40L, which is expressed on activated CD4 T cells and platelets and transmits 
activation or differentiation signals into cells. A significant association of the SNPs 
around CD40 with KD susceptibility was reported in the abovementioned two 
GW AS [9, 10]. The associated SNPs were in linkage disequilibrium with a 
known functional SNP that alters the efficiency of CD40 protein translation 
(rs 1883832 C/T), and the C allele, which corresponds to higher CD40 protein 
expression, is linked with the SNP alleles conferring susceptibility to KD in this 
area. As with BLK, CD40 is a common autoimmune disease susceptibility gene. 


HLA class II 

SNPs in the HLA class region were significantly associated with KD in a GWAS of 
Japanese KD patients [9], This association peaked in the intergenic region between 
HLA-DQB2 and HLA-DOB. Unfortunately, extended linkage disequilibrium and 
numerous genes with high sequence homology and densely distributed variations in 
this area complicate identification of the true susceptibility gene and variant. 
However, a better understanding of this association might help elucidate the 
contribution of HLA to KD susceptibility, which has long been controversial. 
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Current Understandings and Recognition 

Although a number of the identified susceptibility genes appear to be related to 
immune function (Table 1), many have not been investigated as potential candidate 
genes in KD, and the exact functions of their products in KD pathogenesis are not 
understood. However, the existing evidence has provided several new insights. The 
association of the SNPs of ITPKC and CASP3 (described in the next section 
“Recent Advances”) has shed light on a new treatment strategy that targets the Ca 
2+ /NFAT signaling pathway [11, 12]. The robust association of the SNP in the 
FCGR gene cluster suggests the involvement of immune complexes in KD patho- 
genesis. Although the involvement of autoimmunity in KD has not been conclu- 
sively demonstrated, genetic components ( BLK and CD40) shared with systemic 
lupus erythematosus and rheumatoid arthritis suggest a common pathophysiologi- 
cal mechanism between KD and other diseases. However, ITPKC and CASP3 
variants have not been associated with any other inflammatory/infectious disorders 
in GWAS and might reflect conditions highly specific to KD. It is clear there are 
many more unidentified susceptibility genes because the present evidence cannot 
fully account for differences in incidence rates among ethnic groups or for observed 
familial aggregation. 


Recent Advances 

Onouchi et al. reported that KD patients with susceptibility alleles of both ITPKC 
and CASP3 had an increased risk for resistance to intravenous immunoglobulin 
therapy and coronary artery lesion formation [13]. This finding, together with 
previous knowledge of IP3R and NFATc2 cleavage in T cells by CASP3, suggests 
that CASP3 also acts as a negative regulator of the Ca 2+ /NFAT pathway in KD 
pathophysiology (Fig. 1). Cyclosporine, a calcineurin inhibitor that specifically 
suppresses this signal transduction pathway, has received attention as an effective 
drug for refractory KD [11, 12], 
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Immunological Abnormalities and Use 
of Biomarkers and Cytokines to Predict 
the Severity of Kawasaki Disease 


Jun Abe 


Abstract Although the cause of KD remains unknown, understanding of its 
pathogenesis has increased. An overt immune reaction triggered by unknown 
infectious agents may cause systemic vasculitis. The mediators of this reaction 
are mainly inflammatory cytokines such as TNF-a, IL-ip, and IFN-y. Several 
genetic factors differentially affect susceptibility to KD in various ethnic groups. 
However, the mechanisms of overt immune reaction during acute KD and the 
cytokines/biomarkers that are best able to predict KD severity are not well under- 
stood. Knowledge of the systems biology of complex cytokine networks is essential 
for the development of new diagnostic and therapeutic strategies to prevent CAL 
formation in KD. 

Keywords Biomarkers • Proinflammatory cytokines • Interleukins • G-CSF • 
Systems biology 


Introduction 

Kawasaki disease (KD) is an acute systemic vasculitis associated with fever, 
cervical lymphadenopathy, skin rash, conjunctival injection, strawberry tongue, 
and induration of hands and feet. Although the cause of KD remains unknown, 
evidence regarding its pathogenesis is increasing. It is now known that an overt 
immune reaction triggered by unknown infectious agents is responsible for sys- 
temic vasculitis. The mediators of this reaction are mainly inflammatory cytokines 
such as tumor necrosis factor (TNF)-a, interleukin (IL)-ip, and interferon (IFN)-y. 
In addition, genetic factors differentially influence susceptibility to KD in various 
ethnic groups. The recent success of biologic therapy, such as infliximab, in the 
treatment of intravenous immunoglobulin (IVIG)-nonresponsive KD suggests that 
TNF-a has a central role in KD pathogenesis [1]. 
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IVIG, the standard initial therapy for KD, reduces systemic inflammation and the 
incidence of coronary artery lesions (CAL). However, when KD is suspected in 
patients with fewer clinical symptoms, clinicians must weigh the possibility of 
unnecessary IVIG treatment against that of delayed diagnosis of KD. In addition, 
about 20-30 % of KD patients do not respond to IVIG, and develop CAL more 
frequently than do IVIG responders. Therefore, it is essential to identify risk factors 
associated with IVIG nonresponse, to allow rescue therapy to be started before 
coronary artery aneurysms develop. 

This review will provide a current overview of cytokine storm, an important 
immunological abnormality in KD, and discuss the possibility of using cytokines 
and the other biomarkers as prognostic indicators of IVIG responsiveness and the 
risk of CAL formation. 


KD and Hypercytokinemia 

Cytokines are small proteins released by cells. They affect other cells by means of 
transfer signals relating to proliferation, differentiation, metabolism, and motility of 
the target cells. Cytokines include interleukins, chemokines, colony-stimulating 
factors, and interferons. The inflammatory cytokines, which have roles in innate 
immune response, have received most of the attention in KD pathogenesis. A 
pioneering study by Leung et al. noted that the monokines IL-1 and TNF made 
cultured vascular endothelial cells more susceptible to lysis by antibodies circulat- 
ing during KD [2]. Later, researchers thought that overt secretion and consumption 
of inflammatory cytokines such as TNF-a and IFN-y by T cells were important in 
KD pathogenesis because of the resemblance of clinical symptoms in KD and toxic 
shock syndrome, which is caused by Staphylococcus aureus infection. Such infec- 
tion produces a superantigen, TSST-1, and is associated with cytokine storm 
[3], Subsequently, a variety of cytokine and chemokine genes, such as IL-6, IL-8, 
monocyte chemotactic protein- 1 (MCP-1), and vascular endothelial growth factor 
(VEGF), were cloned and measured in the plasma of KD patients, using ELISA 
[4, 5]. Today, the plasma levels of more than 30 cytokines are known to be elevated 
in KD (Table 1). 

A characteristic of hypercytokinemia in KD is that innate immune cells such as 
neutrophils, macrophages, and dendritic cells — as well as endo/epithelial cells — are 
important in the production of inflammatory cytokines. In innate immune response, 
a variety of cells recognize and respond to infection by pathogens, and to injuries 
caused by burns, irradiation, and chemical exposures, and release inflammatory 
mediators responsible for acute inflammation (Fig. 1). These cytokines induce or 
suppress their own synthesis or that of other cytokines in other target cells and 
regulate the extent of inflammatory responses, so as to limit injury to the host, 
reduce inflammation, and eventually re-establish immune homeostasis (cytokine 
network). On the basis of this homeostatic perspective, cytokines are often classi- 
fied as pro- and anti-inflammatory. Plasma levels of pro- and anti-inflammatory 
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Table 1 Hypercytokinemia reported in Kawasaki disease 


Year of 
publication 

Cytokine/Chemokine 

1988 

Tumor necrosis factor (TNF)-a, interleukin (IL)-ip, interferon (IFN)-y 

1989 

IL-6 

1990 

Soluble IL-2 receptor-a 

1991 

IL-2 

1992 

IL-8 

1994 

Soluble TNF-a receptors 

1996 

IL-4, IL-10 

1997 

Regulated on activation, normal T cell expressed and secreted (RANTES), 
monocyte chemotactic protein (MCP)-l, macrophage inflammatory protein 
(MIP)-ip 

1998 

Thrombopoietin, vascular endothelial growth factor (VEGF) 

1999 

Macrophage-colony stimulating factor (M-CSF), granulocyte-colony stimu- 
lating factor (G-CSF) 

2002 

Hepatocyte growth factor (HGF) 

2003 

IL-15. IL-17, CD40 ligand, IP-10, S100A12 

2004 

IL-18 

2005 

S100A8, S100A9 

2006 

Stromal cell-derived factor (SDF-1) 

2007 

Macrophage migration inhibitory factor (MIF) 

2008 

High mobility group box l(HMGBl) 

2010 

IL-23, Transforming growth factor (TGF)-p a 

2011 

Brain natriuretic peptide (BNP) 

2012 

Resistin, hepcidin 

2013 

B-cell activating factor (BAFF) 


“Decreased level 


cytokines are elevated during acute KD [6], Neonatal innate responses differ from 
those in adults. In response to most TLR ligands, neonatal immune cells produce 
less IL-12p70, IFN-y, and TNF-a and more IL-ip, IL-6, IL-23, and IL-10 
[7, 8], This may explain the simultaneous elevation of TNF-a, IL-6, and IL-10 
levels in the very early phase of KD inflammation. 


Which Cytokines/Biomarkers Best Predict KD Severity? 

The introduction of IVIG has led to better control of systemic inflammation in KD 
and decreased the prevalence of CAL from 20 to <5 %. However, fever and KD 
symptoms persist after IVIG in some patients, and this is associated with increased 
risk for CAL. Numerous studies have attempted to identify risk factors associated 
with IVIG nonresponse and have investigated patient baseline clinical and labora- 
tory parameters. Among the factors studied, sex, age, white blood cell and 
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unknown stimuli 



Fig. 1 Interactions between immune cells and endothelial cells in KD (Abbreviations: PMN 
polymorphonuclear leukocyte, ICAM intercellular adhesion molecules; auto Ab auto-antibody) 

neutrophil counts, and serum aspartate aminotransferase and C-reactive protein 
(CRP) levels were frequently shown to be useful in devising a risk classification 
instrument [9—11], (For a detailed review of risk scoring methods, see chapter 
“Scoring Systems to Predict Coronary Artery Lesions and Nonresponse to Initial 
Intravenous Immunoglobulin Therapy”.) However, because these factors were 
selected by retrospective statistical analysis of medical records, the precise mech- 
anisms underlying the relations of these factors with clinical outcomes remain 
uncertain. Moreover, it is unclear whether a particular risk classification is valid 
in all populations. Sleeper et al. reported that the sensitivity of three risk scoring 
systems used to predict IVIG resistance in Japan was low (33^-2 %) in patients 
from North America [12], They and another research group suggested that genetic 
differences between cohorts influence the effectiveness of these scoring systems. 

Despite these limitations, some laboratory variables, such as neutrophil count 
and percent bands and plasma concentrations of CRP, appear to be higher in 
patients with severe KD. Tremoulet et al. reported that higher percent bands and 
CRP were strongly associated with IVIG nonresponse in 362 patients in San Diego 
[13]. In addition, DNA microarray studies conducted by the present author and 
colleagues and another group showed that neutrophils in IVIG nonresponders were 
more numerous and qualitatively different in their expression of an immature 
granulocyte-specific marker, polycythemia rubra vera 1 (PRV-1, CD177) 
[14, 15]. Similarly, serum granulocyte colony-stimulating factor (G-CSF) levels 
were higher in IVIG nonresponders than in responders. These findings suggest that 
G-CSF is overproduced by inflamed vascular endothelial cells in patients with 
severe KD and is involved in the expansion and premature egress of granulocytes 
from bone marrow. In addition, high-dose IgG specifically and completely inhibited 
overproduction of inflammatory cytokines such as G-CSF, IL-6, and IL-ip by 
cultured human coronary artery endothelial cells [16]. 
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Fig. 2 Cytokines and chemokines that are elevated in IVIG-nonresponsive KD patients 


In addition to G-CSF, a variety of pro- and anti-inflammatory cytokines (see 
Table 1) are overproduced in patients with KD. Moreover, plasma levels of most of 
these cytokines are higher in patients with more severe KD. However, it is not clear 
which of these cytokines can be used as clinical biomarkers to predict IVIG 
response and risk of CAL formation. Recently developed techniques in quantitative 
suspension array may help answer this question by analyzing patterns and correla- 
tions among cytokines/chemokines (cytokine profiling). In 2012, Wang et al. used 
this type of assay to analyze serum levels of IL-2, IL-4, IL-6, IL-10, TNF-a, and 
IFN-y in 143 KD patients [17]. They found that IL-6 and IL-10 were particularly 
elevated, before and after IVIG treatment, in patients who later developed CAL. 
Our preliminary analysis using a multiplex bead assay system indicated that, among 
14 cytokines studied in 273 KD patients before IVIG treatment, 8 proinflammatory 
cytokines (TNF-a, IL-6, IL-8, IL-17, IFN-y, G-CSF, MCP-1, and sIL-2Ra) and 
3 anti-inflammatory cytokines (IL-10, sTNFRl, and sTNFR2) were simultaneously 
elevated in patients who later developed CAL (Fig. 2) [18]. Moreover, levels of 
some of these cytokines were strongly correlated, particularly TNF-a, IL-10, 
sIL-2Ra, sTNFRl, and sTNFR2. These results suggest that both pro- and anti- 
inflammatory cytokines are relevant to KD severity and prognosis. 


Conclusions 

The use of newly developed methods such as quantitative suspension array tech- 
nology and proteomics analysis of blood and urine is increasing our nascent 
understanding of the immune pathogenic mechanisms of KD [19, 20]. However, 
we have not yet identified the cytokines and biomarkers best suited for predicting 
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KD severity. Cytokine profiling shows that pro- and anti-inflammatory cytokine 
levels are simultaneously elevated in patients with more severe KD, which indicates 
that not every biomarker is an appropriate therapeutic target. An improved under- 
standing of the systems biology of the complex cytokine networks is essential to the 
development of new diagnostic and therapeutic strategies to prevent CAL forma- 
tion in KD. 
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Pathophysiology of Kawasaki Disease 


Anne H. Rowley, Stanford T. Shulman, and Jan M. Orenstein 


Abstract Kawasaki Disease (KD) vasculopathy, which most significantly affects 
the coronary arteries, is characterized by three linked pathological processes: 
necrotizing arteritis, subacute/chronic (SA/C) vasculitis, and luminal 
myofibroblastic proliferation (LMP). Necrotizing arteritis (NA), initiated at the 
endothelial luminal surface, leads to giant aneurysms that can rupture or thrombose. 
SA/C vasculitis begins in the adventitia and is closely associated with LMP. LMP 
consists of actively proliferating smooth muscle cell-derived myofibroblasts and 
their matrix products, and can result in progressive arterial luminal stenosis. All 
three processes begin in the first 2 weeks after fever onset. NA subsides in the first 
2 weeks, while subacute/chronic vasculitis and LMP can persist for months or 
years. The clinical and epidemiological features of KD are best explained by 
infection with an as-yet-unidentified ubiquitous agent, likely a virus entering via 
the respiratory route. Recent advances in genomics and RNA sequencing are 
beginning to reveal specific immune response dysfunction in KD that could lead 
to new diagnostics and therapeutics for this important childhood illness. 

Keywords Necrotizing arteritis • Subacute/chronic vasculitis • Luminal 
myofibroblastic proliferation • Pathology • Gene expression 
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Introduction 

A complete understanding of the pathogenesis of Kawasaki Disease (KD) awaits 
identification of the etiological agent(s). However, with the new description of the 
three linked pathological processes of KD and their sequelae [1], our understanding 
of the pathological basis for potential adverse outcomes in KD patients has 
improved. Previous descriptions of “regression” or “resolution” of coronary artery 
(CA) aneurysms by echocardiography and/or angiography likely represent reduc- 
tions in luminal diameter as a result of thrombosis or from subacute/chronic arteritis 
with luminal myohbroblastic proliferation (LMP) [1], and therefore likely do not 
indicate that CAs have returned to normal structure and function. These new 
pathological findings should change approaches to long-term evaluation and man- 
agement of KD patients with coronary arteritis. 


History 

Early KD pathological studies proposed a model of KD vasculitis as a self-limited, 
staged process of early neutrophil infiltration into medium-sized muscular arteries, 
particularly the CAs, with subsequent evolution of the inflammatory infiltrate to 
large mononuclear cells after the first week, and cessation of vascular inflammation 
within 2 months after onset of fever [2, 3], Stenoses of CAs in KD patients who died 
months or years after onset in these studies were attributed to scar formation 
(implying an inactive, nonproliferative process). This model failed to explain the 
following subsequent clinical observations in KD patients: (1) reports of patients 
who died months or years after onset with inflammatory cell infiltrates and luminal 
myofibroblastic proliferation in CAs at autopsy [4—7], (2) reports of patients with 
apparent worsening of CA aneurysms over the course of months or years [8-11], 
and (3) reports of patients who had normal CA angiographic findings months or 
years after onset but who then developed myocardial infarction years later 
[12, 13]. Because early pathological studies indicated resolution of CA inflamma- 
tion within 2 months after onset, and because C-reactive protein level and erythro- 
cyte sedimentation rate in KD children typically normalize within 2 months after 
onset of fever, children with CA abnormalities persisting for more than 2 months 
after KD onset have been historically considered to have an inactive, 
noninflammatory condition. Our recent extensive light and electron microscopic 
study of the pathology of KD vasculopathy in 41 cases significantly challenges this 
previously held model and suggests that a re-evaluation of the clinical approach to 
KD children with persistent CA abnormalities is needed [1]. Our three-processes 
model of KD vasculopathy accurately predicts the potential for the above clinical 
outcomes [4-13], which were not explained by the previous model of KD 
vasculopathy. 
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The Three Linked Pathological Processes of KD 
Vasculopathy 

The three linked vasculopathic processes are necrotizing arteritis (NA), subacute/ 
chronic vasculitis (SA/C), and LMP [1]. NA is a synchronous neutrophilic process 
that starts at the endothelium of medium-sized muscular arteries, most critically the 
CAs. It begins and ends in the first 2 weeks after fever onset and progressively 
destroys the arterial wall into the adventitia, with the potential to result in large 
saccular or giant aneurysms that can rupture or thrombose. Rupture may occur 
when NA is transmural. SA/C, which can cause mild inflammation of the veins but 
primarily affects medium-sized muscular arteries such as the CAs, is an asynchro- 
nous process that begins in the first 2 weeks after fever onset but can persist for 
months or years. It is comprised of lymphocytes (including CD8 T lymphocytes) 
[14], plasma cells (including IgA plasma cells) [15, 16], eosinophils, and fewer 
macrophages. SA/C starts focally in the adventitia and progresses circumferentially 
and toward the lumen — damaging the media, elastic laminae, and intima — and is 
closely associated with the third process, LMP. LMP is a unique proliferative 
process of smooth muscle cell-derived pleomorphic myofibroblasts and their matrix 
products, including collagens, fibronectin, and external lamina, and can cause 
progressive stenosis of the arterial lumen. The LMP process is not synchronous, 
and although it may begin focally it eventually becomes circumferential and can 
unpredictably progress to the point that only a slit-like lumen remains. Persistent or 
worsening CA abnormalities after the second week are likely the result of 
SA/C. Myocardial ischemia leading to infarction months or years after an appar- 
ently normal angiographic study (which can assess lumen diameter but not the 
presence of arterial wall thickening due to thromboses or LMP) is likely to be 
caused by ongoing thrombosis and/or progressive LMP. 

These pathological findings have significant clinical implications. At present, 
long-term follow-up of KD patients with significant CA abnormalities consists of 
evaluation of the arteries for luminal dilation by echocardiography, with periodic 
assessments of cardiac function in selected patients. Assessment of CA wall 
thickness, which would provide insight into the extent of thromboses or LMP, is 
not routinely performed. While it is probable that inflammation in the CAs of KD 
patients who develop no or only very mild dilation will resolve without long-tenn 
complications, it is likely that patients with more significant abnormalities are at 
risk of subsequent complications from subacute/chronic arteritis, LMP, and throm- 
bosis as children or young adults. It may be incorrect to conclude that a KD patient 
who developed significant CA abnormalities is not at risk of future myocardial 
ischemia on the basis of reduction in CA luminal diameter to the normal range, 
normal angiographic findings at 1-2 years after onset, or a study showing normal 
cardiac function in patients who have layers of thrombi or ongoing LMP in the CAs 
[12, 13]. Decreases in CA lumen diameter in KD patients with significant CA 
abnormalities are often viewed as “remodeling”, “regression”, or “healing”, partly 
because of early pathology models that suggested a lack of ongoing inflammation or 
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cellular proliferation after the second month. However, our pathological findings 
indicate that saccular aneurysms with severe damage to the media do not appear to 
regenerate smooth muscle cells or elastic lamina, and that apparent “regression” 
represents filling of the aneurysmal cavity by thrombi that can obliterate the lumen 
over time, although some re-canalization can occur. We observed that calcification 
occurred in the oldest, most peripheral thrombi rather than in the remaining arterial 
wall. The lumen of fusiform aneurysms that have some preserved media can appear 
to “regress” when medial smooth muscle cells transition to the myofibroblasts of 
LMP, with concentric filling of the lumen by LMP and/or thrombus. Our recent 
pathological study and the clinical outcomes described above suggest that a 
readjustment in the approach to long-term follow-up of KD children with signifi- 
cant CA disease is warranted. New technologies that enable assessment of CA wall 
thickness may provide a better evaluation of the presence of ongoing thrombosis or 
LMP in the CAs in the future [17], which could assist clinicians in determining the 
most appropriate long-term follow-up and management. 


Recent Advances in Etiological, Genomic, and Gene 
Expression Studies 

The leading theory of KD etiology, based on the clinical and epidemiological 
features of the illness, is that a ubiquitous infectious agent acquired in early 
childhood, usually after loss of maternal antibody, results in KD in a genetically 
susceptible host [18], Our studies support the hypothesis of a “new” virus as the 
cause of KD [19], It is hoped that deep sequencing of KD tissues will ultimately 
result in identification of this agent, which would allow for great advances in 
diagnosis, therapy, and prevention. The higher attack rate in Asian children and 
increased prevalence of KD in siblings and parents provide strong support for 
genetic susceptibility to the disease [20]. Polymorphisms in several immune 
response genes, such as ITPKC, FCGR2A, and CASP3, are associated with 
KD. Nevertheless, the genes identified to date, even in combination, do not explain 
increased Asian susceptibility [20]. Improved techniques for detennining gene 
expression in formalin-fixed, paraffin-embedded tissue samples are providing new 
information about dysregulated genes in KD coronary arteries, including POSTN, 
ITGA4, and CD84 [21-23]. Hopefully, more comprehensive analyses of gene 
expression in KD CAs will provide key information about dysregulated immune 
pathways in KD vasculitis, which could lead to new therapeutic targets and disease 
biomarkers. 
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Conclusions 

The three linked pathological processes model of KD requires a reassessment of the 
clinical management of children who develop coronary arteritis. Children with 
persistent CA abnormalities may have ongoing subacute/chronic arteritis for 
months or years. Biomarkers to identify such children are urgently needed in 
order to facilitate future therapeutic trials of additional immunomodulatory agents. 
LMP is an actively proliferative process that can lead to progressive arterial 
stenosis. Diagnostic methods and therapies to treat or prevent LMP are needed 
but presently unavailable. The evidence indicates that we should discard the widely 
held notion that children with KD who develop aneurysms but subsequently have 
non-dilated CA luminal diameter on echocardiography or angiography are no 
longer at risk [12, 13]. New imaging modalities that can provide an assessment of 
CA wall thickening may be helpful in identifying children with progressive CA 
thrombosis or LMP [17]. Although identification of the etiological agent(s) of KD is 
the best means to elucidate its pathogenesis, genetic analyses, including gene 
expression analyses of KD CAs, may guide future diagnostic and therapeutic 
strategies. 
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Abstract Independent approaches in mouse and human have identified regulation 
of T-cell activation as the critical factor in determining Kawasaki disease suscep- 
tibility and severity in children and suggest a final common pathway of T-cell 
activation and persistence in disease pathogenesis. This chapter will review evi- 
dence that the critical interplay of innate and adaptive immune response leads to 
enhanced costimulation, survival of pathogenic T-cells, and, ultimately, coronary 
artery inflammation in Kawasaki disease. 

Keywords Kawasaki disease • Pathogenesis • Animal models 


Introduction 

Genetically detennined dysregulation of the immune response is an integral factor 
in the pathogenesis of Kawasaki disease (KD). Independent approaches in mouse 
and human have identified regulation of T-cell activation as the critical factor in 
determining KD susceptibility and severity in children and suggest the presence of a 
final common pathway in disease pathogenesis. First, a genetic association study of 
Japanese sib pairs showed that a polymorphism in the ITPKC gene — which encodes 
a kinase (inositol 1,4,5-triphosphate 3-kinase C) that regulates T-cell activation — is 
associated with susceptibility to and increased severity of KD [1], A second 
independent approach, which used an animal model of KD, also identified regula- 
tion of T-cell activation and survival as the critical determinant of coronary disease 
and confirmed the importance of ITPKC in disease pathogenesis. Costimulation, 
the second signal regulating optimal T-cell activation, has been identified as the 
critical regulator of susceptibility to and severity of vascular inflammation [2]. 
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T-Cell Activation and Survival and the Role 
of Costimulation 

Optimal T-cell activation requires engagement of the T-cell receptor (TCR) (signal 
one) and a costimulatory signal (signal two). The second signal is dependent on 
soluble factors such as interleukin (IL)-2 and ligation of cell surface molecules. 
Most T-cell surface costimulatory molecules are members of the immunoglobulin 
and tumor necrosis factor (TNF) superfamilies and are important components of the 
immunologic synapse. The simultaneous occurrence of signals one and two leads to 
optimal T-cell activation, as evidenced by IL-2 production and T-cell survival. 
CD28 and 4-1BB are examples of positive costimulatory receptors. Positive second 
signals (co-stimulators) enhance and sustain T-cell responses, and co-inhibitors 
(or negative costimulatory molecules) inhibit TCR mediated responses. Initial 
T-cell activation is usually dependent on CD28/B7 interaction [3], The CD28 
pathway has a critical role in regulating the development of coronary inflammation 
in KD and in animal models of the disease [2], CD28 costimulation promotes 
survival of TCR-mediated activation of T-cells by up-regulating expression of 
anti-apoptotic factors such as MCL1, Bcl-x L , and cFLIP [4]. Indeed, dysregulated 
lymphocyte survival is a critical factor contributing to autoimmunity, as members 
of the TNFR family of costimulatory molecules have been identified as risk genes 
for various autoimmune diseases in multiple, well powered, genetic case-control 
studies. 

The innate immune system, namely, the professional antigen-presenting cells 
(APCs) such as macrophages and dendritic cells, is important in providing 
costimulation to T-cells. Danger signals lead to stimulation and maturation of 
these cells into professional APCs with increased expression of costimulatory 
molecules. Accumulating evidence in mouse and human indicates that interplay 
between the innate and adaptive immune system leads to survival of pathogenic 
T-cells and therefore is an important underlying theme in KD pathogenesis. 

A challenge in understanding the immunopathogenesis of KD is the lack of 
affected tissue from children with KD. To answer questions about 
immunopathogenesis, we need immune cells and affected heart tissue. Flowever, 
this is a significant obstacle in KD, as many patients are very young children and it 
is thus not possible to procure enough biospecimens and affected heart tissue. 
Disease models are therefore necessary. No animal model completely mimics 
human disease, but such models have proven to be powerful tools in investigating 
immunopathology in the context of the whole organism. Use of transgenic or 
knockout strains, together with newer technologies (CRISPR/Cas9), facilitates 
identification of key genes that contribute to disease susceptibility or pathogenesis, 
and animal models can be used to test novel therapeutic concepts and serve as 
pre-clinical models for drug testing. Although non-murine models of KD exist, 
including dog [5], rabbit [6], and pig [7] models, this review will focus on lessons 
learned from murine models and how the results complement findings in affected 
children. 
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Murine Models of KD 

The three major murine models most commonly used in KD studies are the 
Lactobacillus casei, Candida albican, and Nodi ligand models. Other models 
include administration of polysaccharide-peptidoglycan isolated from the cell 
wall of Streptococcus pyrogenes [8] and inoculation of bacillus Calmette-Guerin 
followed by a crude extract of Mycobacterium intracellulare [9]. In this review, we 
will focus on the three most commonly used models, which have greatly illumi- 
nated the underlying molecular pathogenic mechanisms of KD and contributed to 
identification of new drug targets and inception of clinical trials. 

The L. casei cell wall extract (LCWE)-induced coronary arteritis model of KD 
was pioneered by Lehman and his group in the mid-1980s [10]. Inbred mouse 
strains develop coronary arteritis in response to a single intraperitoneal injection of 
LCWE. A superantigen present in LCWE is responsible for disease induction 
[11]. The resultant vasculitis is histopathologically very similarly to KD and has 
a predilection for affecting the coronary arteries and aneurysm formation 
[10, 11], This model closely mimics KD and exhibits many of the important 
features seen in KD patients, including an infectious trigger leading to massive 
immune involvement, disease susceptibility in the young, a similar disease time 
course, and the pathology of coronary arteritis. Furthermore, LCWE-induced cor- 
onary arteritis is responsive to intravenous immunoglobulin (IVIG), the gold 
standard therapy for children with KD [12, 13], After LCWE injection, massive 
immune activation occurs in the periphery, followed by local infiltration into 
cardiac tissue by day 3-7. The inflammatory infiltrate is mainly composed of 
T-cells and intensifies and peaks by day 21-28 [11, 14]. Elastin breakdown, the 
hallmark of aneurysm formation, and disruption of the intima and media, are 
detectable by day 42 [15]. 

This model demonstrated that, whereas IFNy is not required, TNFa is a critical 
pro-inflammatory mediator leading to heart disease [16, 17] and that treatment with 
the TNF-blocking agent etanercept ameliorates disease. These findings provide 
further support and corroboration for two current clinical trials of TNFa inhibition 
in children with acute KD [18, 19]. 

The role of innate immunity has also been demonstrated in this model 
[14, 20], Intact innate immune signaling via TLR2 and MyD88 is necessary for 
development of coronary arteritis [21], which is consistent with detection of 
augmented TLR2 expression on monocytes in human KD and in the LCWE 
mouse model [22]. 

A unique feature of the LCWE model is the development of aneurysm forma- 
tion, as demonstrated by elastin breakdown of the vessel wall [11, 17]. Subsequent 
studies using this model revealed involvement of matrix metalloproteinase-9 
(MMP9) in this process [23] and that its inhibition leads to better coronary out- 
comes, suggesting that MMP inhibition is a promising therapeutic strategy for 
management of KD in children. Conversely, TGFp suppresses elastin degradation 
by inhibiting MMP9 activation, and TGFp inhibition thus worsens elastin 
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breakdown [24], an important clinical lesson regarding the risk of TGFp inhibition 
in KD. Furthermore, atorvastatin has the therapeutic potential to modulate T-cell 
activation and MMP9 production in response to LCWE and TNFa, 
respectively [25], 

IL-ip is crucial in the induction of coronary artery inflammation in the LCWE 
mouse model, which suggests another potential therapeutic target [20], In response 
to LCWE, bone marrow-derived macrophages secrete high levels of IL-ip, which is 
processed from pro-IL-ip by caspase-1 through the NLRP3 inflammasome. More 
importantly, LCWE-induced coronary arteritis can be blocked by an IL-1 receptor 
antagonist. Interestingly, a recent study showed that activation of endothelial 
inflammasome by LCWE is associated with endothelial dysfunction [26]. 

Another model of KD was introduced in 1979 by Murata and colleagues 
[27]. C. albicans alkaline extract or C. albicans water-soluble fraction (CAWS), 
when repeatedly given intraperitoneally to certain inbred strains of mice, induces 
systemic arteritis with a predilection for the coronary artery and aortic root [27- 
29]. Diseased mice share some histologic features with KD and respond to IVIG 
treatment [30], Immune activation was evidenced by the presence of neutrophil 
activation and elevated levels of pro-inflammatory cytokines such as IL-ip, IL-6, 
and IL-1 2 [31, 32]. As is the case for the LCWE murine model, TNFa is important 
in vasculitis development in this model, and etanercept treatment thus reduces the 
incidence and severity of CAWS-induced vasculitis [33]. As in the LCWE model, 
evidence for a role of innate immunity in coronary vasculitis is supported by the 
finding that CAWS-induced vasculitis is reduced in mice deficient in CC chemo- 
kine receptor 2 [34]. 

Nodi ligand-mediated coronary arteritis is the most recently described murine 
model [35], Nodi is an intracellular pattern recognition receptor for bacterial 
peptidoglycan fragments and is important in mediating danger signals in innate 
immune response. Several synthetic Nodi ligands, such as y-D-glutamyl-meso- 
diaminopimelic acid, FK156, and FK565, induce coronary arteritis at various 
potencies in mice previously primed with lipopolysaccharide (LPS) for 24 h. 
When mice are given 4 weekly subacute injections of FK565 with LPS priming 
each time, they develop panarteritis with dense inflammatory infiltrate consisting 
mainly of neutrophils and macrophages. The mice do not develop coronary aneu- 
rysms, but rupture of elastic fibers in coronary artery is present [35]. A unique 
feature of this model is that multiple oral administrations of FK565 and LPS 
priming lead to coronary arteritis and valvulitis in mice. Furthermore, a recent 
study found that accumulated CDllc+MHC 11+ macrophages in the heart play a 
pathogenic role in this model of coronary arteritis, as disease severity is signifi- 
cantly reduced in CD1 lc-depleted mice [36]. Arteritis is also reduced in mice 
lacking CCR2, suggesting that NodlL stimulates production of chemokines to 
recruit pathogenic cells to the heart. 

In summary, convergence of data from human and mouse suggest that the 
critical interplay of innate and adaptive immune response leads to T-cell activation 
and persistence, the final common pathway leading to coronary artery inflammation 
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in KD. This hypothesis is supported by data showing cooperation between the 
innate and adaptive arms of the immune system in three murine models of KD. 


References 


1 . Onouchi Y, Gunji T, Bums JC, Shimizu C, Newburger JW, Yashiro M. et al. ITPKC functional 
polymorphism associated with Kawasaki disease susceptibility and formation of coronary 
artery aneurysms. Nat Genet. 2008;40( 1):35 — 42. http://dx.doi.org/10.1038/ng.2007.59 
PMID: 18084290. 

2. Moolani YD, Yeung RS. The role of co-stimulation in sustaining the immune response in 
Kawasaki disease. Arthritis Rheum. 2008;58(9):S502. 

3. Watts TH. TNF/TNFR family members in costimulation of T cell responses. Annu Rev 
Immunol. 2005;23(l):23-68. http://dx.doi.Org/10.l 146/annurev.immunol.23.021704.1 15839 
PMID:15771565. 

4. Boise LH, Minn AJ, Noel PI, lune CH, Accavitti MA, Lindsten T, et al. CD28 costimulation 
can promote T cell survival by enhancing the expression of Bcl-XL. Immunity. 1995;3 
(1):87— 98. http://dx.doi.org/10. 1016/1074-7613(95)90161-2 PMID:7621080. 

5. Felsburg PJ, HogenEsch H, Somberg RL, Snyder PW, Glickman LT. Immunologic abnormal- 
ities in canine juvenile polyarteritis syndrome: A naturally occurring animal model of Kawa- 
saki disease. Clin Immunol Immunopathol. 1992;65(2): 1 10—1 8. http://dx.doi.org/10.1016/ 
0090- 1 229(92)902 1 3-8 PMID: 1395127. 

6. Onouchi Z, Ikuta K, Nagamatsu K, Tamiya H, Sakakibara Y, Ando M. Coronary artery 
aneurysms develop in weanling rabbits with serum sickness but not in mature rabbits. An 
experimental model for Kawasaki disease in humans. Angiology. 1995;46(8):679— 87. http:// 
dx.doi.org/10.1 177/00033 1979504600806PMID:76394 14. 

7. Philip S, Lee WC, Liu SK, Wu MH, Lue HC. A swine model of horse serum-induced coronary 
vasculitis: an implication for Kawasaki disease. Pediatr Res. 2004;55(2):2 1 1—19. http://dx.doi. 
org/1 0. 1203/01 .PDR.0000 1 04 1 5 1 .26375 ,E5 PMID: 14630987. 

8. Ohkuni H, Todome Y, Yokomuro K, Kimura Y, Ishizaki M, Fukuda Y, et al. Coronary arteritis 
in mice after systemic injection of bacterial cell wall peptidoglycan. Jpn Circ J. 1987;51 
( 12): 1 357—6 1 . http://dx.doi.Org/10.1253/jcj.51.1357PMID:3327953. 

9. Nakamura T, Yamamura I, Sato H, Kakinuma H, Takahashi H. Vasculitis induced by 
immunization with Bacillus Calmette-Guerin followed by atypical mycobacterium antigen: a 
new mouse model for Kawasaki disease. FEMS Immunol Med Microbiol. 2007;49(3):391-7. 
http://dx.doi.Org/10.llll/j.1574-695X.2007.00217.xPMID:17298582. 

10. Lehman TJ, Walker SM, Mahnovski V, McCurdy D. Coronary arteritis in mice following the 
systemic injection of group B Lactobacillus casei cell walls in aqueous suspension. Arthritis 
Rheum. 1985;28(6):652-9. http://dx.doi.org/10.1002/art.1780280609 PMID:3924060. 

1 1 . Duong TT, Silverman ED, Bissessar MV, Yeung RS. Superantigenic activity is responsible for 
induction of coronary arteritis in mice: an animal model of Kawasaki disease. Int Immunol. 
2003; 15(1):79— 89. http://dx.doi.org/10.1093/intimm/dxg007 PMID: 12502728. 

12. Myones BL, Bathoria JM, Lehman TJ, Shulman ST. Human IVIG inhibits Lactobacillus casei- 
inducible coronary arteritis in a murine model. In: Kato H, editor. The 5th International 
Kawasaki Disease Symposium. Fukuoka: Elsevier Science; 1995. 

13. Lau AC, Duong TT, Ito S, Yeung RS. Intravenous immunoglobulin and salicylate differen- 

tially modulate pathogenic processes leading to vascular damage in a model of Kawasaki 
disease. Arthritis Rheum. 2009;60(7):2131^H. http://dx.doi.org/10.1002/art.24660 

PMID: 19565485. 

14. Schulte DJ, Yilmaz A, Shimada K, Fishbein MC, Lowe EL, Chen S, et al. Involvement of 
innate and adaptive immunity in a murine model of coronary arteritis mimicking Kawasaki 


www.ketabpezeshki.com 


66485457-66963820 


50 


T.T. Duong and R.S.M. Yeung 


disease. J Immunol. 2009; 183(8):53 1 1—18. http://dx.doi.org/10.4049/jimmunol. 

0901395PMID: 19786535. 

15. Lau AC, Duong TT, Ito S, Yeung RS. Matrix metalloproteinase 9 activity leads to elastin 
breakdown in an animal model of Kawasaki disease. Arthritis Rheum. 2008;58(3):854-63. 
http://dx.doi.org/10.1002/art.23225 PMID: 1831 1803. 

16. Chan WC, Duong TT, Yeung RS. Presence of IFN-gamma does not indicate its necessity for 
induction of coronary arteritis in an animal model of Kawasaki disease. I Immunol. 2004; 173 
(5):3492— 503. http://dx.doi.Org/10.4049/jimmunol.173.5.3492 PMID:15322214. 

17. Hui-Yuen JS, Duong TT, Yeung RS. TNF-alpha is necessary for induction of coronary artery 
inflammation and aneurysm formation in an animal model of Kawasaki disease. J Immunol. 
2006; 176( 10):6294— 301. http://dx.doi.Org/10.4049/jimmunol.176.10.6294PMID:16670341. 

18. Burns JC, Best BM, Mejias A, Mahony L, Fixler DE, Jafri HS, et al. Infliximab treatment of 
intravenous immunoglobulin-resistant Kawasaki disease. J Pediatr. 2008; 1 53(6):833— 8. http:// 
dx.doi.org/10.1016/j.jpeds.2008.06.011 PMID: 18672254. 

19. Portman MA, Olson A, Soriano B, Dahdah N, Williams R. Kirkpatrick E. Etanercept as 
adjunctive treatment for acute Kawasaki disease: Study design and rationale. Am Heart 
I. 201 1 ; 1 61 (3):494— 9. http://dx.doi.Org/10.1016/j.ahj.2010.12.003 PMID:21392603. 

20. Lee Y, Schulte DJ, ShimadaK, Chen S, CrotherTR, Chiba N, et al. Interleukin- 1 p is crucial for 
the induction of coronary artery inflammation in a mouse model of Kawasaki disease. 
Circulation. 2012; 125( 12): 1542-50. http://dx.doi.org/10.1161/CIRCULATIONAHA.lll. 
072769 PMID:22361326. 

21. Rosenkranz ME, Schulte DJ, Agle LM, Wong MH, Zhang W, Ivashkiv L, et al. TLR2 and 
MyD88 contribute to Lactobacillus casei extract-induced focal coronary arteritis in a mouse 
model of Kawasaki disease. Circulation. 2005; 1 12( 19):2966— 73. PMID: 16275884. 

22. Lin 1C, Kuo HC. Lin YJ, Wang FS, Wang L, Huang SC, et al. Augmented TLR2 expression on 
monocytes in both human Kawasaki disease and a mouse model of coronary arteritis. PLoS 
One. 2012;7(6), e38635. http://dx.doi.org/10.1371/joumal.pone.0038635 PMID:22737215. 

23. Lau AC, Duong TT, Ito S, Wilson GJ, Yeung RS. Inhibition of matrix metalloproteinase-9 

activity improves coronary outcome in an animal model of Kawasaki disease. Clin Exp 
Immunol. 2009;157(2):300-9. http://dx.doi.Org/10.l 1 1 1/j. 1365-2249. 2009.03949.x 

PMID: 19604270. 

24. Alvira CM, Guignabert C, Kim YM, Chen C, Wang L, Duong TT, et al. Inhibition of 
transforming growth factor p worsens elastin degradation in a murine model of Kawasaki 
disease. Am J Pathol. 201 1 ; 178(3): 1210—20. http://dx.doi.Org/10.1016/j.ajpath.2010.ll.054 
PMID:2 1356372. 

25. Blankier S, Lau AC, McCrindle B. Ito S, Yeung RS. HMG-CoA reductase inhibition reduces 
T-cell proliferation and MMP-9 gene expression in a superantigenic mouse model of Kawasaki 
disease. Arthritis Rheum. 2007;56:S677. 

26. Chen Y, Li X, Boini KM, Pitzer AL, Gulbins E, Zhang Y, et al. Endothelial Nlrp3 
inflammasome activation associated with lysosomal destabilization during coronary arteritis. 
Biochim Biophys Acta. 2015; 1853(2):396 — 408. http://dx.doi.Org/10.1016/j.bbamcr.2014.ll. 
012 PMID:25450976. 

27. Murata H. Experimental candida-induced arteritis in mice. Relation to arteritis in the muco- 
cutaneous lymph node syndrome. Microbiol Immunol. 1979;23(9):825 — 3 1 . http://dx.doi.org/ 
10.1 1 11/j.l 348-042 1.1979.tb028 15.x PMID:395420. 

28. Takahashi K, Oharaseki T, Wakayama M, Yokouchi Y, Naoe S, Murata H. Histopathological 
features of murine systemic vasculitis caused by Candida albicans extract — an animal model 
of Kawasaki disease. Inflamm Res. 2004;53(2):72-7. http://dx.doi.org/10.1007/s00011-003- 
1225-1 PMID:15021972. 

29. Ohno N. Murine model of Kawasaki disease induced by mannoprotein-beta-glucan complex, 
CAWS, obtained from Candida albicans. Jpn J Infect Dis. 2004;57(5):S9-10. 
PMID: 15507772. 


www.ketabpezeshki.com 


66485457-66963820 


Update on Pathogenesis: Lessons Learned from Animal Models of Disease 


51 


30. Takahashi K, Oharaseki T, Yokouchi Y, Miura NN, Ohno N, Okawara AI, 
et al. Administration of human immunoglobulin suppresses development of murine systemic 
vasculitis induced with Candida albicans water-soluble fraction: an animal model of Kawasaki 
disease. Mod Rheumatol. 2010:20(2): 160-7. http://dx.doi.org/10.3109/sl0165-009-0250-5 
PMID:19943075. 

31. Ishida-Okawara A, Nagi-Miura N, Oharaseki T, Takahashi K, Okumura A, Tachikawa H, 
et al. Neutrophil activation and arteritis induced by C. albicans water-soluble mannoprotein- 
beta-glucan complex (CAWS) [CAWS]. Exp Mol Pathol. 2007;82(2):220-6. http://dx.doi.org/ 
10.1016/j .yexmp.2006.05 .006 PMID: 17208225. 

32. Miura NN, Komai M, Adachi Y, Osada N, Kameoka Y, Suzuki K, et al. IL-10 is a negative 
regulatory factor of CAWS-vasculitis in CBA/J mice as assessed by comparison with Bruton’s 
tyrosine kinase-deficient CBA/N mice. J Immunol. 2009; 183(5):3417— 24. http://dx.doi.org/10. 
4049/jimmunol.0802484 PMID: 19675 1 70. 

33. Oharaseki T. Yokouchi Y, Yamada H, Mamada H, Muto S, Sadamoto K, et al. The role of 
TNF-a in a murine model of Kawasaki disease arteritis induced with a Candida albicans cell 
wall polysaccharide. Mod Rheumatol. 2014:24(1): 120-8. http://dx.doi.org/10.3109/14397595. 
2013.854061 PMID:24261768. 

34. Martinez HG, Quinones MP, Jimenez F, Estrada C, Clark KM, Suzuki K, et al. Important role 
of CCR2 in a murine model of coronary vasculitis. BMC Immunol. 2012; 1 3( 1):56. http://dx. 
doi.org/10.1 186/1471-2172-13-56 PMID:23074996. 

35. Nishio H, Kanno S, Onoyama S, Ikeda K, Tanaka T, Kusuhara K, et al. Nodi ligands induce 
site-specific vascular inflammation. Arterioscler Thromb Vase Biol. 20 1 1 ;3 1 C5): 1093—9. 
http://dx.doi. 0 rg/lO.H 6 l/ATVBAHA.l 10.216325 PMID:2 1330608. 

36. Motomura Y, Kanno S, Asano K, Tanaka M, Hasegawa Y, Katagiri H, et al. Identification of 
pathogenic cardiac CD11C+ Macrophages in Nodl-Mediated acute coronary arteritis. 
Arterioscler Thromb Vase Biol. 2015:35(6): 1423—33. http://dx.doi.org/10.1161/ATVBAHA. 
114.304846 PMID:25838430. 


www.ketabpezeshki.com 


66485457-66963820 


The Climate-KD Link 
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Abstract The agent of Kawasaki disease (KD) remains unknown after more than 
40 years of intensive research, but new information from analyses of KD time series 
from locations worldwide suggests that KD activity is modulated by weather and 
climate processes. Most Northern Hemisphere locations with a sufficient number of 
KD cases to allow for analysis exhibit seasonal fluctuations in KD incidence. 
Analyses of climate variables have linked seasonal and shorter period variations 
of KD with fluctuations in large-scale tropospheric wind patterns. A recent set of 
analyses suggests that the KD agent is transported to particular regions by distinct 
wind flow patterns and that a potential source region for Japan is upstream over 
northeast China. Analysis of aerosol samples from peak and trough periods of KD 
activity in Japan is ongoing and will likely yield further insights into the nature of 
the causative agent. 

Keywords Epidemiology • Climate • Tropospheric winds 


In an analysis of KD cases in Japan, Nakamura and colleagues were the first to 
recognize that KD cases cluster spatially over a given region, which suggests that a 
broad-scale environmental mechanism might be involved [1], Seasonal fluctuations 
of KD had been observed in different regions of the world, but it was not until 
Cayan and colleagues analyzed the entire KD time series of more than 135,000 
cases from Japan that a statistically robust analysis revealed the strong seasonality 
of KD in Japan with two distinct peaks: one in winter and a lesser peak in 
mid-summer [2], Later analyses of KD records from a global collection of available 
KD records revealed that most Northern Hemisphere locations with a sufficient 
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Fig. 1 Analysis of San Diego time series from 2004-2013 revealed 27 periods of at least 10 days 
duration with no KD patients (“dry spells”). The maps above show a composite of the evolution of 
the 700-mb height anomaly pattern for these 27 dry spells, averaged over 3 days beginning 4 days 
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number of KD cases to allow for time-series analyses exhibit seasonal fluctuations 
in KD incidence [3]. 

Records of KD cases in San Diego County were used to formally analyze 
geospatial clustering of cases in a small time series, using the Knox statistic. 
After the index case, a second case was more likely to be diagnosed within 
3-5 days and to have a primary place of residence within a radius of 3 km from 
the index case [4], 

Recent analyses of seasonal variation in KD revealed an association between 
fluctuations in KD case numbers and large-scale wind patterns in the troposphere, 
1-3 km above the Earth’s surface [5, 6]. Two seasonal wind patterns were associ- 
ated with increases in KD cases: (1) a northwesterly flow originating in the 
mainland of central/eastem Asia that sweeps over Japan and (2) a zonal wind 
pattern that traverses the North Pacific, spanning from Japan to Hawaii and ulti- 
mately reaching the US mainland. The window for both of these wind patterns 
tended to close each year in early spring, which coincided with a decline in KD 
cases. An enhanced version of these wind patterns also appeared to operate at 
interannual time scales in association with periods with exceptionally high numbers 
of KD cases. These results suggest that the environmental trigger for KD may be 
transported through winds and that bursts of anomalously high numbers of KD 
cases may be linked via long-range wind transport across oceans. Conversely, 
distinctly different flow patterns were associated with periods of low numbers of 
KD cases across Japan. 

A recent analysis of composite atmospheric circulation patterns leading up to 
periods with low numbers of KD cases (“dry spells”) observed in San Diego from 
2004-2013 indicates that the “dry spells” are strongly associated with periods after 
a persistent, anomalously high pressure pattern offshore and over the coast of 
California. (Fig. 1) This high pressure pattern would block onshore circulation 
coming from the North Pacific. 

We now have further evidence of the link between tropospheric wind patterns 
and fluctuations in KD cases in Japan and have identified a source region in 
northeastern China for the aerosols carried by these disease-associated winds 
[7], Rodo and colleagues performed back-tracing of the wind using Lagrangian 
analysis of FLEXPART data and identified a potential source region in northeastern 
China. Their analysis suggested an extremely short incubation time between 


< 

Fig. 1 (continued) before the onset of the dry spell ( top panel). Day 0 is the first day of the dry 
spell composite. The maps show anomalously high pressure over the eastern North Pacific and 
offshore of California, which would interrupt the west-to-east airflow that would normally 
ventilate the southern California region with air masses crossing from the North Pacific. Note 
that the anomalous high pressure pattern from the composite sequence persists for several days, 
which is consistent with a long dry spell that lasts at least 10 days. Yellow/red colors indicate 
higher than normal pressures, and blue/purple colors indicate lower than normal pressures. 
Significance is indicated at the 97.5 % level (open black squares) and 99 % level (filled black 
squares) 
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putative exposure and onset of fever, which suggests that a toxin or microbial 
antigen exposure is more likely than infection with a replicating agent. No rela- 
tionship to chemicals, industrial pollutants, pollens, or heavy metals was found. 
Analysis of aerosols collected by research aircraft over Japan in March 2011, before 
the Tohoku earthquake, identified many microbial species, but Candida sp. were 
most prominent. Further analysis of aerosols trapped on filters collected during 
peak and trough periods of disease activity in Japan is in progress. Given the 
proposed short incubation period, it is possible that an antigenic trigger rather 
than an infectious agent is the cause of KD. In support of this hypothesis, an 
analysis of age-incidence patterns indicated that KD was unlikely to be caused by 
a single, acute, immunizing infection [8], 

There is no known disease of humans caused by organisms lofted into the wind 
on one continent, carried across a large body of water, and inhaled by persons in a 
distant region who then develop disease. Although studies have documented a rich 
microbiome in the troposphere, little is known about how these organisms or their 
toxins may impact human health. [9]. As a proof-of-principle example, analysis of 
large-scale wind patterns and microbiologic sampling of air currents revealed long- 
range transport over the Atlantic Ocean of fungal spores of Aspergillus sydowii, 
which lofted into tropospheric wind currents during Saharan dust storms 
[10]. These spores carried within dust particles were then deposited into the 
Caribbean and caused a fatal infection in Gorgonia fan coral [11]. Similarly, 
long-distance aerial dispersal has been shown for pathogens of crop plants, with 
transport of fungal spores by the wind and spreading of plant diseases between 
continents [12], The recent publication of an analysis of intercontinental transport 
of over 10,000 different microbial species on tropospheric wind currents has led us 
to consider the possibility that the troposphere is a new ecologic niche inhabited by 
a rich and diverse microbiome [13], The extent to which pathogenic organisms that 
cause diseases in humans, animals, and plants may be transported around the globe 
is unknown. Another large unknown is whether chemical processing of molecules 
in aerosols as they pass through clouds can create toxins from previously benign 
molecules. In addition, heavy metals such as zinc and mercury can be transported 
on aerosolized particles and act as haptens that render antigenic the proteins to 
which they bind. The implications for human health may be highly significant, and 
KD may be the first human disease to be linked to inhaled aerosols transported on 
tropospheric wind currents from distant sites. 
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Kawasaki Disease Shock Syndrome 


Ming-Tai Lin and Mei-Hwan Wu 


Abstract Hemodynamic instability is relatively uncommon during the acute phase 
of Kawasaki disease. This condition is referred to as Kawasaki disease shock 
syndrome (KDSS), and in this chapter we review the epidemiology, proposed 
mechanisms, clinical course, and treatment of KDSS. Differential diagnosis of 
KDSS and toxic shock syndrome is also discussed. The overlap between these 
two disease entities may provide clues for future studies. 

Keywords Kawasaki disease • Shock • Risk factors 


Introduction 

In the acute phase of Kawasaki disease (KD), hemodynamic instability is less 
common than development of coronary artery complications. Hemodynamic insta- 
bility, such as hypotension or clinical signs of poor perfusion, is referred to as KD 
shock syndrome (KDSS). KDSS is defined as an episode during acute KD of 
hypotension or shock requiring volume expanders, infusion of vasoactive agents, 
or transfer to intensive care units [1]. 


Incidence and Demographics 

The incidence of KDSS varied among study cohorts. Kanegaye et al. [1] reported 
that approximately 7 % of KD patients admitted to Rady Children’s Hospital 
developed KDSS. Gamez-Gonzalez et al. [2] studied 214 Mexican children with 
KD and found that 11 (5.1 %) met the definition of KDSS. In a study of the national 
health insurance database of Taiwan for the period 2000-2009, Lin et al. [3] found 
that the incidence of KDSS was 1.45 per 100 KD cases (range in annual incidence, 
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Table 1 Demographic characteristics of Kawasaki disease (KD) patients with and without KD 
shock syndrome 3 



All KD 
(n = 9488) 

Subgroups 

KD without shock 
(n = 9350) 

KDSS 
(n= 138) 

P 

value 

Male gender 

61.9% 

61.8% 

69.6 % 

.061 

Age in months, median (IQR) 

17.87 

(9.16-34.9) 

17.78 (9.17-34.78) 

23.2 

(10.4 — 45.9) 

.031 

Hospitalization duration, in days, 
median (IQR) 

5 (3-7) 

5 (3-7) 

8 (6-14) 

<.001 

Coronary artery lesions (%) 

679 (7.1%) 

657 (7.0%) 

22(15.9%) 

<.001 


Among 9488 patients with KD, 138 developed KD shock syndrome 

IQR interquartile range 

“Modified from a table by Lin et al. [3] 


0.9-1.98 %). The incidence of KDSS seems to be higher in Western countries than 
in Asia. 

The demographics of patients with KDSS and a comparison of KD patients with 
and without KDSS are shown in Table 1 , which is modified from our previous study 
[3], KDSS patients had a higher risk of coronary artery lesions (CALs) and longer 
hospital stays. Several studies reported that KDSS patients were more likely than 
KD patients without hemodynamic instability to be resistant to intravenous immu- 
noglobulin (up to 46-60%) and to develop CALs (15.9-62.7%) [1, 2, 4]. In 
addition, KDSS patients were more likely to develop gallop and mitral regurgitation 
and had lower left ventricular ejection fractions during the acute stage [4, 5]. With 
regard to laboratory data, KDSS patients tend to have lower hemoglobin concen- 
trations, larger proportions of bands, lower platelet counts, higher C-reactive 
protein levels, and a greater risk of consumptive coagulopathy [4, 5]. 


Mechanisms 

The causes, risk factors, and pathophysiological mechanism of KDSS are unclear. 
Laboratory data suggest that KDSS is associated with increased underlying inflam- 
mation. The higher frequency of consumptive coagulopathy in patients with KDSS 
indicates that vasculitis is more severe. Associated myocardial dysfunction could 
also contribute to hemodynamic instability. Echocardiographic studies often show 
impaired ventricular relaxation, elevation of left ventricular end-diastolic pressure, 
and decreased ventricular compliance, which are uncommon in KD patients with- 
out KDSS [1]. Therefore, shock in KD can be cardiogenic and/or distributive. 
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Fig. 1 Typical clinical presentation of patients with Kawasaki disease shock syndrome 


Clinical Course and Treatment 

The typical clinical course is shown in Fig. 1. Hemodynamic instability usually 
occurs within 1 week after fever onset. It is sometimes difficult to differentiate 
between toxic shock syndrome (TSS) and KDSS, although echocardiographic 
evaluation is helpful for this purpose. In addition to intravenous immunoglobulin, 
supportive management for shock is important. Because vasculitis and myocardial 
dysfunction contribute to KDSS development, patients with these conditions usu- 
ally need vasoactive agents such as dopamine. Patients with KDSS require close 
monitoring and might need hemodynamic support in an intensive care unit. Use of 
fluid resuscitation and inodilator therapy (eg, milrinone) should be based on 
cautious monitoring of cardiac output, central venous pressure, and systemic 
vascular resistance. As yet, there are no randomized controlled studies of the effects 
of concurrent use of steroids in this subgroup of KD patients. 
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Table 2 Differences in the clinical presentation of Kawasaki disease shock syndrome and toxic 
shock syndrome 



Kawasaki disease shock 
syndrome 

Toxic shock syndrome 

Usual age [7] 

<5 years 

>10 years 

Fever 

Oral mucosa 

Extremities 

Skin rash 

Indistinguishable 

Lymphadenopathy 

[7] 

More frequent 

Less frequent 

End organ involve- 
ment [8] 

More coronary involvement 

More renal and central nervous system 
involvement 

Identifiable focus 

Rare 

Frequent 


Differential Diagnosis 

Toxic shock syndrome (TSS) is also an acute multisystem disease characterized by 
fever, hypotension, erythematous rash with subsequent desquamation on the hands 
and feet, and multisystem involvement (i.e., >3 of the following clinical features: 
involvement of mucous membranes [conjunctiva and/or tongue], vomiting and/or 
diarrhea, liver or renal dysfunction, myalgia, and nonfocal neurologic 
abnormalities) [6], 

The clinical presentation of KDSS closely resembles that of TSS. Differential 
diagnosis may be difficult and can be aided by the following differences in clinical 
presentation. First, nonmenstrual TSS in children is usually associated with an 
identifiable focus of Staphylococcus or Streptococcus infection, such as wound 
infection, sinusitis, empyema, and pneumonia [7], The clinical course of TSS is 
usually rapidly progressive, with abrupt onset of high fever [7], A diffuse erythem- 
atous macular rash appears within 24 h in TSS. Renal involvement, together with 
elevation of creatinine phosphokinase, is quite common in TSS but rare in KDSS 
[7], Although myocardial involvement is characteristic of both TSS and KDSS, 
coronary vasculitis is more specific for a diagnosis of KD. We summarize the 
differences in the clinical presentation of KDSS and TSS in Table 2. 


Future Perspectives 

Hemodynamic instability during acute KD, which may be less common than the 
development of CAL, should be regarded as a distinct disease entity. Prompt 
recognition and proper cardiac and fluid support are essential. The pathophysiology 
and genetic susceptibility to this condition are unclear. However, the overlap 
between KDSS and TSS provides intriguing clues for future studies. 
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Jane C. Burns 


Abstract After almost five decades since the publication of Dr. Kawasaki’s land- 
mark paper in 1967, the etiology of Kawasaki disease (KD) and many aspects of its 
pathophysiology remain obscure [1,2]. Although there are over 5000 articles in the 
English-language, peer-reviewed literature on various aspects of KD, there remain 
many important unanswered questions. To discover the best path forward, it may be 
instructive to look at how progress has been achieved in the past. 

Keywords Treatment • Genetics • Epidemiology • Research 


Advances in Treatment 

A major breakthrough in the care of KD patients was the discovery that intravenous 
immunoglobulin (IVIG) was an effective therapy for reducing the risk of coronary 
artery aneurysms. This major advance in the care of KD patients came from 
observations by investigators at a single center in Japan, which were further tested 
in a large, randomized clinical trial by a collaborative group of investigators in the 
United States [3, 4], This large-scale collaboration enrolled adequate numbers of 
subjects and had sufficient statistical power to test the hypotheses and led to a 
definitive trial that firmly established IVIG as the treatment of choice for KD. The 
necessary ingredients for success were strict adherence to best practices for modern 
clinical trials and securing adequate funding to conduct the trial. More than two 
decades later, the RAISE trial in Japan studied a subset of patients at highest risk for 
aneurysm development, as detennined by risk scoring, and demonstrated a benefit 
in reduction in aneurysm rate for the group receiving an extended period of steroid 
therapy in addition to IVIG and moderate-dose aspirin [5]. Again, the trial required 
the collaboration of multiple investigators and sufficient funding to provide over- 
sight and standardization of procedures across all the clinical sites. 
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The key to both of these successful trials was enrollment of sufficient numbers of 
subjects to test the hypotheses proposed. This was only possible through collabo- 
ration of sufficient numbers of sites, which allowed timely completion of the trials. 
Now, in an era of reduced funding for biomedical research, how will we continue to 
make progress in devising new therapies for our patients? Will we be able to secure 
funding for the “gold standard” randomized, placebo-controlled, double-blind 
clinical trial? What other options might be explored? Perhaps we could learn 
from the advances in pediatric oncology that were achieved through the use of 
standardized protocols across large numbers of clinical centers with centralized 
clinical trial design and standardized implementation across all participating sites. 
This type of grand vision might be difficult to achieve in an environment of 
constrained funding. However, the protocol-driven care of all KD patients could 
be a goal to which we can aspire. 

Another option could be the standardization of care using a strict protocol within 
a given center followed by comparison of outcomes across sites using different 
therapies but all following strict protocols. This could be implemented for therapies 
for which there is currently clinical equipoise, such as the choice between second 
IVIG and infliximab for IVIG-resistant patients. Each center would need to have 
Investigational Review Board approval and signed consent fonns from participants, 
but the consents would only cover sharing of data rather than the actual treatment, 
since the treatment administered at that site would be the local standard of care. 
Even retrospective studies across centers with protocol-driven care could provide 
useful information, as in a study that compared treatments for IVIG-resistance 
between two US sites [6], For studies examining treatments and coronary artery 
outcomes, acquisition of images could be standardized and a core lab could be 
designated to interpret all echocardiograms across sites. With the wide adoption of 
the electronic medical record, there should be new opportunities for data mining 
across centers that follow protocol-driven care of KD patients. 


Advances in Genetics 

Another success of the last several decades has been the discovery of variants that 
influence genetic susceptibility to disease in both Asian and non-Asian populations 
[7, 8]. These efforts were possible only through collaborations that spanned not 
only countries but also continents [9]. The gold standard of genotyping in a 
discovery cohort, followed by validation in an independent cohort, requires thou- 
sands of DNA samples from both cases and controls. This effort, by definition, 
requires collaboration among large numbers of investigators [10, 11]. The suc- 
cesses to date have suggested new therapeutic approaches, including the use of 
calcineurin inhibitors to block the calcium signaling pathway and statins to block 
the TGFp signaling pathway [12-16]. To make further progress in this area, it is 
necessary for more clinicians to join established groups in collecting DNA from 
carefully phenotyped KD patients. Concomitant collection of acute and 
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convalescent whole-blood RNA samples allows assessment of the impact of the 
proposed variant on gene expression [17]. Coordinated efforts across populations in 
different countries and the creation of carefully curated banks of DNA and RNA 
samples with appropriate patient permission for the sharing of samples will accel- 
erate discovery in defining the genetic patterns responsible for susceptibility to KD, 
response to therapy, and coronary artery outcomes. In addition, all genomic and 
genetic data should be deposited into databanks, such as the iDASH data repository, 
so that investigators could apply for access and use of data for future studies in 
collaboration with the group that originally generated the data. Unfortunately, many 
of these datasets are currently locked behind firewalls and not available to other 
groups. This clearly has impeded the pace of discovery in this arena. 


Advances in Biomarkers and Diagnostic Tests 

A major limitation in the discovery of biomarkers and aids to diagnosis and clinical 
prognostication has been the failure to utilize appropriate control samples. For a 
biomarker for KD diagnosis, the relevant control group must be young children 
with fever and at least one of the mucocutaneous signs of KD. It is not relevant to 
use patients with primary gastrointestinal or respiratory disease as a control group 
for these types of studies. Because so many of the diseases in the differential 
diagnosis of KD share inflammation and activation of coagulation as features of 
the disease process, candidate single-protein biomarkers in these pathways are 
unlikely to be sufficiently robust in separating KD patients from controls. Failure 
to use proper statistical techniques to evaluate proposed biomarkers has also 
hampered progress in this field. Moving forward, collaboration should be improved 
with colleagues in clinics, emergency departments, and urgent care settings who 
can collect relevant controls samples. Biostatisticians must be incorporated into the 
research team to provide direction in both study design from the outset and 
statistical analysis of the data at the end of the study. Again, collaboration across 
sites is needed in order to ensure adequate numbers of subjects for these studies. 


Advances in Understanding Long-Term Outcomes 

Without national and international patient registries that provide longitudinal data 
on long-term patient outcomes, we will continue to lack adequate answers to the 
question most frequently posed by parents: What does this mean for my child in the 
future? In Japan, a large cohort study of over 6000 subjects was initiated in 1992, to 
follow these patients longitudinally [18]. In the United States, a recent initiative 
through the Coordination of Rare Diseases at Sanford (CoRDS) research group and 
the parent-based KD Foundation will offer a web-based registry for families and 
individuals with KD to help track patients over time. Another initiative, from The 
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Adult KD Collaborative Study at the University of California San Diego 
(adultkd@ucsd.edu), will track health trends in adult KD patients over time. In 
India, where KD is newly emergent, there as been a call to establish a registry 
[19]. These efforts should be applauded, and creation of such registries should be 
expanded to allow tracking of patient outcomes over time. 

In summary, the first five decades of KD research have taught us that significant 
progress can only be made through large-scale collaboration, sharing of data, and 
standardization of patient care protocols. Funding for such efforts will continue to 
be a challenge, and creative approaches to using the electronic medical record and 
data mining and analysis should be considered in order to circumvent the need for 
the gold standard, but expensive, randomized, placebo-controlled clinical trial. 
Sharing of data in a usable format should be mandated and enforced by funding 
agencies to accelerate the process of discovery. More collaboration and data sharing 
and better tracking of patient outcomes will take us to the next level in KD research. 
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Epidemiologic Perspectives 


Jane C. Burns 


Abstract Epidemiology is the branch of medical science that deals with the 
incidence, distribution, and control of disease in a population. It has long been 
the hope that epidemiologic research would provide clues to the central mystery of 
Kawasaki disease: its etiology. New insights regarding the seasonality of KD and 
the relationship to wind patterns may now indeed lead us to the answer. 

Keywords Race • Ethnicity • Epidemiology • Research 


Historical Perspective 

There has been considerable debate as to whether KD is a new or old disease. Most 
current opinion regards KD as an old but rare disease in the West and a new disease 
in the East [1—4]. The emergence of KD in India is a fascinating case study of the 
apparent introduction of a new disease into a population with a high incidence of 
many other pediatric illnesses characterized by rash and fever, including rheumatic 
fever, rubella, rubeola, and varicella. Current estimates indicate that the number of 
KD cases in India has surpassed the number of cases of rheumatic fever [5]. KD has 
now been described on every continent and in all races and ethnicities. Careful 
tracking of cases in time and space has led to important new hypotheses about 
etiology. But if we are to make further progress in the future, worldwide KD 
surveillance must be improved. 
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KD Surveillance: Moving Forward 

The Japanese dataset of KD cases, which was initiated in the first national survey in 
1970, remains the most robust resource for KD research [6]. The systematic, 
questionnaire-based surveys, which are conducted every 2 years, have become a 
model for many other countries around the world, including China, Korea, and 
Taiwan[7-9]. Detailed epidemiologic investigation is facilitated in countries with 
national health care systems linked to patient databases, such as Taiwan and 
countries in Northern Europe, and many interesting studies have emerged 
[10, 11], Unfortunately, the one country that is a major outlier in tracking KD 
cases over time is the United States. There is no systematic, mandated reporting of 
U.S. KD cases. Thus, epidemiologic surveys have relied on single-center active 
surveillance, passive national reporting to the Centers for Disease Control and 
Prevention, or insurance and other administrative databases that were not created 
for the purposes of epidemiologic research [12-14], In an era of decreasing funds 
for public health surveillance and research, other strategies must be devised to 
create robust datasets for epidemiologic research. 

One such strategy could take advantage of the electronic medical record and 
International Classification of Disease (ICD) codes. The ICD-9 code for KD is 
446.1, and the ICD-10 code is M30.3. These codes are not shared with any other 
disease, making this a robust tool for tracking KD patients. Currently, 
U.S. databases, such as the Pediatric Hospital Information Service, which tracks 
detailed hospitalization charges and associated codes from 44 pediatric hospitals 
across the United States, have been used to perform epidemiologic surveys 
[15]. However, the distribution of hospitals is uneven across the United States, 
and the sampling only captures patients hospitalized in the 44 member institutions. 
A better method would be a query of all hospitals using an electronic medical 
record (EMR) system across a given geographic region or even the entire country. 
As the EMR is further developed as a research tool, this should become possible in 
the future for collection of de-identified data about KD patients. 


KD Surveillance: Prescription for the Future 

In a recent effort to develop a snapshot of KD worldwide, time series from 
25 countries were collected and analyzed for seasonality [16] (Fig. 1). The presence 
of seasonal variation in KD at individual locations was evaluated using three 
different tests: time series modeling, spectral analysis, and a Monte Carlo tech- 
nique. The study found a broad coherence in fluctuations in KD cases across the 
Northern Hemisphere extra-tropical latitudes, where KD case numbers were 
highest in January through March and approximately 40 % higher than in the 
months with the lowest case numbers, namely, August through October (Fig. 1). 
The time series for locations in the tropics and extra-tropical Southern Hemisphere 
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KD Seasonality 

Strength indicted by circle size and month of max/min indicated by color 





month 

Fig. 1 Months of maximum and minimum KD case numbers for each time series. The normalized 
amplitude of the seasonal difference (maximum case numbers minus minimum case numbers) is 
indicated by circle size. The month of maximum case numbers (upper map) and month of 
minimum case numbers ( lower map ) are indicated by circle color. The number of Northern 
hemisphere cases was 40 % higher in January through March than in August through October 
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were sparse, and no robust statistical conclusion regarding seasonal coherence 
could be drawn. However, the analysis for the Southern Hemisphere suggested a 
maximum in May through June, with an approximately 30% higher number of 
cases than in the least active months of February, March, and October. This was the 
first attempt at a global analysis of KD cases. Going forward, collection of com- 
prehensive time series will allow a more robust analysis of seasonality, clustering of 
cases, and changes in KD trends over time. Use of national health system databases 
and individual hospital EMRs should yield a detailed snapshot of global KD 
activity. Analysis of global KD time series will allow testing of hypotheses about 
etiology and should be actively pursued. 
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Update on Nationwide Surveys 
and Epidemiologic Characteristics 
of Kawasaki Disease in Japan 


Yosikazu Nakamura 


Abstract Twenty-two biennial nationwide surveys of Kawasaki disease have been 
conducted in Japan since 1970. The surveys reveal the epidemiologic features of the 
disease, such as the number of patients and incidence rates, age- and sex-specific 
incidence rates, seasonal trends, geographic distributions, status of cardiac lesions, 
and treatment. The descriptive epidemiologic features suggest that an infectious 
agent(s) is related to disease onset. However, sibling cases, parent and child cases, 
and differences in incidence rate among races suggest that host factors are impor- 
tant in disease onset. 

Keywords Mucocutaneous lymph node syndrome • Epidemiology • Epidemics • 
Incidence rate • Cardiovascular diseases 


Introduction 

The Kawasaki Disease Research Committee was established in 1970, 3 years after 
Dr. Tomisaku Kawasaki first described Kawasaki disease (KD) as mucocutaneous 
lymph node syndrome [1]. Since then, nationwide epidemiologic surveys have been 
conducted every 2 years, to reveal the epidemiologic features of the disease in 
Japan. This chapter presents the results of these surveys and describes the epide- 
miologic features of KD. 


Methods of the Nationwide Surveys 

Twenty-two nationwide surveys have been conducted in Japan since 1970 
[2], Although the surveys differ in detail, the main methods of the surveys have 
been identical. This section will describe the methods for the 22nd survey [3]. 
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The 22nd Nationwide Survey of KD was conducted in 2013, mainly by post. The 
target patients were those with KD who first visited hospitals for treatment of KD in 
2011 and 2012. All hospitals with a pediatric department and 100 or more beds and 
all children’s hospitals with fewer than 100 beds were sent an invitation letter, 
questionnaire fonns, and disease diagnostic guidelines with color figures. In total, 
1983 hospitals were targeted, and 1420 (71.6%) replied. 

Patient data requested on the questionnaire were name (initials only), address 
(municipality), sex, date of birth, date and day of illness at first hospital visit, 
diagnosis (typical definite, atypical definite, or incomplete), intravenous immuno- 
globulin (IVIG) therapy, IVIG response status, additional therapy (if administered), 
recurrences, history of KD among patients’ siblings and parents, cardiac lesions 
(at the first visit, during the acute phase, and as sequelae), and blood tests (white 
blood cell count, platelet count, albumin level, and C-reactive protein level). Acute 
cardiac lesions were defined as those that developed within 1 month of disease 
onset, and cardiac sequelae were defined as those that persisted beyond 1 month 
after onset. Almost all patients underwent two-dimensional echocardiographic 
evaluation for cardiac lesions. Incidence rates were calculated using population 
data from vital statistics in Japan. 


Results of Nationwide Surveys 

Of the 2006 target hospitals, 23 had closed or closed their pediatric department at 
the time they received the survey. Of the 1983 remaining hospitals, 1420 (71.6%) 
returned the questionnaire. A total of 26,691 patients (12,774 in 201 1 and 13,917 in 
2012) were reported: 15,442 males and 11,249 females. Annual incidence rates 
were 243.1/100,000 population aged 0^1 years in 2011 (275.2 for males; 209.4 for 
females), and 264.8/100,000 population in 2012 (298.6 for males; 229.4 for 
females). The incidence rate in 2012 was the highest ever recorded in Japan. As 
shown in Fig. 1, three nationwide epidemics in Japan were observed — in 1979, 
1982, and 1986. In 1979, the epidemic wave of the disease moved from the west of 
the country to the northeast during spring and early summer. The epidemics in 1982 
and 1986 started in large cities, including Tokyo and Osaka, and propagated to 
surrounding areas. There has been no further nationwide epidemic after these three 
epidemics, but the number of patients started to increase in the mid-1990s. Since 
then, the annual number of patients has increased gradually, and the incidence rate 
has increased even more rapidly because of the decreased number of children in the 
country, i.e., the denominator of the incidence rate. 

The seasonal pattern is specific: the largest number of patients is in January, 
small peaks are observed in summer, and the lowest number is in October, as shown 
in Fig. 2. 

Among the patients, 66.2 % were younger than age 3 years. The age-specific 
incidence rate was the highest for infants aged 9-11 months (409.8/100,000 
population). 
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Fig. 1 Numbers of patients and incidence rate, by calendar year and sex 




1 No. (M) 

I No. (F) 
■Rate (M) 
Rate (F) 
Rate (T) 


215.8 



No. of patients 



Calendar year 

Fig. 2 Monthly numbers of patients, by sex (the previous 10 years) 

Of the patients reported in the 22nd survey, 78.4% were typical definite cases 
(with five or six principal symptoms), 1.8 % were atypical definite cases (with four 
symptoms and cardiac lesions), and 19.8 % were incomplete cases (with four 
symptoms and no cardiac lesions, or three or fewer symptoms). 

The number of patients with one or more siblings affected by KD was 
408 (1.5%), and 237 patients (0.89%) had at least one parent with a history of 
the disease. There were 946 (3.5 %) recurrent cases. 

Of the 26,691 patients reported in the 22nd survey, 1241 patients (4.6 %) had one 
or more cardiac lesions due to KD at the first visit to hospital, namely, coronary 
dilatation (3.59%), valvular lesions (0.91 %), coronary aneurysms (0.25 %), giant 
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coronary aneurysms >8 mm in diameter (0.04 %), coronary stenosis (0.01 %), and 
no myocardial infarction. During the acute phase, 2487 patients (9.3 %) had cardiac 
lesions, namely, coronary dilatation (6.99%), valvular lesions (1.66%, coronary 
aneurysms (0.91%), giant coronary aneurysms (0.18%), coronary stenosis 
(0.02 %), and myocardial infarction (0.004 %). One month after onset of KD, 
754 patients (2.8%) had cardiac sequelae, namely, coronary dilatation (1.75%), 
valvular lesions (0.37 %, coronary aneurysms (0.72 %), giant coronary aneurysms 
(0.18 %), coronary stenosis (0.02 %), and myocardial infarction (0.004 %). Cardiac 
lesions were more prevalent among males. The prevalence of cardiac lesions was 
high among patients younger than 1 year and those older than 5 years. Fortunately, 
lesion frequency is decreasing year by year. 

Overall, 24,346 (91.2%) patients received IV1G therapy. Of these, 20,954 
(86.1 %) underwent IVIG therapy before the sixth day of illness and 1279 (5.3 %) 
received steroid therapy with IVIG therapy. However, 4150 (17.0 %) of the 24,346 
patients treated with IVIG did not respond to the treatment; 3798 of these (91.5 % of 
nonresponders) received additional IVIG therapy, 1245 (30.0%) steroids, 
179 (4.31 %) infliximab, 155 (3.73 %) immunosuppressants, and 93 (2.24%) were 
treated with plasmapheresis. 


What We Have Learned from the Descriptive Epidemiology 

Table 1 summarizes the descriptive epidemiologic features of KD from the three 
perspectives of descriptive epidemiology — person, time, and place. These epide- 
miologic features suggest the following hypothesis regarding the etiology of KD: 


Table 1 Results of descriptive epidemiology 


Person 

Sex ratio 

M/F= 1.4 

Age 

Peak at age 0 year; 80 % of patients <4 year 

Race 

Prevalent among Japanese 


In USA: Japanese > Asians > African-Americans > whites 

Sibling cases 


Parental history of KD 



Time 


Nationwide epidemics (1979, 1982, and 1986) 

Many patients in January, small peaks in summer, and lower incidence in autumn 
Place 

60+ countries and regions in the world 

Epidemics in Japan and foreign countries such as Korea and Taiwan 
Movement of epidemics 
Epidemics in small areas 
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the disease develops in susceptible children after being triggered by an infectious 
agent(s). 

First, seasonal change in the number of patients, as shown in Fig. 2, appears to be 
related to an infectious agent(s). Otherwise, such seasonal changes occur by allergic 
reaction to seasonal allergens such as cider pollinosis, which is prevalent in spring 
in Japan; however, the probability of an allergic reaction is not very high. Other 
epidemiologic features of KD support the trigger hypothesis. In addition to the 
occurrence of the disease in all seasons in Japan, spikes in January and gently 
sloping peaks in summer have been observed. If three infectious agents are triggers 
of KD, one of which is present in all seasons, one of which is prevalent in January, 
and the last of which is present in summer, the seasonal change in KD in Japan 
could be explained. In addition, the seasonal patterns differ by country and region 
globally. For example, KD is prevalent in May and June in Korea and Taiwan [4]. If 
the triggers differ among countries and areas, these phenomena are reasonable. KD 
has been reported in tropical countries and in countries close to the poles. Thus, it 
makes sense that KD is related to several different agents. 

Age-specific incidence rate also suggests the presence of infectious agents. The 
rate is quite low among infants younger than 6 months, perhaps because of passive 
natural immunity from mothers. 

Three nationwide epidemics in Japan, movement of epidemics, and temporal 
and geographic clustering in small areas [5] also suggest an infectious origin. 
Sibling cases support an infectious hypothesis as well as susceptible host factors. 
Detailed observations from sibling cases show that the frequency of KD was about 
ten times higher if a sibling was affected by the disease [6], In addition, the 
distribution of intervals to onset of two sibling cases had small peaks for same- 
day onset and a 1-week interval. The former suggests simultaneous infection, and 
the latter might be the incubation period. 

Sibling cases and parent-child cases support a susceptible host hypothesis. 
Incidence rates differ by race; incidence is highest among Japanese, followed by 
Asians, African-Americans, and whites. Although the number of patients and 
incidence rate have increased in Japan during the past two decades, the frequency 
is not as high as those for measles and varicella before the era of vaccination. This 
also supports the susceptible host hypothesis. 


Conclusions 

The epidemiologic features of KD support the hypothesis that infectious agents 
trigger KD onset in susceptible children. 
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Kawasaki Disease Epidemiology in Europe 


Eeva Salo 


Abstract The epidemiology of Kawasaki disease (KD) has not been well 
described in Europe. In many European countries, annual incidence increased 
during the 1990s and then plateaued. Current annual incidence is about 5-10 per 
100,000 children younger than 5 years. The highest incidence is in Ireland (15.2 per 
100,000). Discrepancies in incidence rates may reflect differences in disease rec- 
ognition rather than true variation in incidence. 

Keywords Epidemiology • Kawasaki disease • Europe 


History 

In 1870 a 7-year-old boy in London was treated at St. Bartholomew Hospital for a 
disease called “scarlatinal dropsy”. He died, and an autopsy was performed by 
Dr. Samuel Gee, who described the findings in the hospital’s journal [1]. The heart 
was preserved, and a histological examination 130 years later showed aneurysms of 
the coronary arteries, with clots, and pathological changes consistent with KD and 
infantile periarteritis nodosa. This is probably the first known case of 
KD. Additional cases of fatal coronary arteritis and infantile periarteritis nodosa 
were described in the medical literature in the nineteenth century [2], and the 
symptoms were compatible with what we now know as KD. However, diagnosis 
was by pathologists and was only possible after death. Cases resulting in clinical 
recovery went undiagnosed and were camouflaged among diseases like measles, 
scarlet fever, and rheumatic fever. 

KD existed in Europe before Kawasaki’s original description in English, in 1974 
[3], but the clinical syndrome was not recognized. Kawasaki’s article in Pediatrics 
explained these enigmatic cases and enabled clinicians to diagnose new cases of 
KD. Case reports and editorials alerted pediatricians to a new and fascinating 
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disease. Still, for a long time, KD was often perceived as rare, almost exotic — a 
disease common in Japan but seldom encountered in Europe. 


Incidence 

The epidemiology of KD has not been well described in Europe. The published 
findings of nationwide surveys are mainly from northern and northwestern Europe 
(Table 1) [4-15]. The rates reported in these studies should be compared with 
caution because of differences in methodology and study period. 

In Finland, a sharp increase in KD diagnoses prompted national surveillance in 
1981. An outbreak was observed [16]. During the busiest 3 months, the attack rate 
was equivalent to the annual incidence of 60 per 100,000 children younger than 
5 years. After the outbreak the incidence fell to about 5 per 100,000, then increased 
steadily to about 10 per 100,000 toward the end of the millennium (Fig. 1). In 
England a doubling of KD incidence was reported during the 1990s, from 4.0 per 
100,000 in 1991-1992 to 8.1 in 1999-2000 [8], after which it seemed to reach a 
plateau at 8.4 [12]. Similarly, the incidence in Denmark appeared to increase 
throughout the 1980s and 1990s and stabilized after 1999 [11]. An earlier French 
study reported an incidence of 3.0 per 100,000 [7], A prospective study conducted 
in northern France in 2005-2006 reported a KD incidence of 9 per 100,000 children 


Table 1 Reported Kawasaki disease incidence rates in Europe (after the year 2000) 


Country 

Period 

Incidence 

Method 

Reference 

Czech 

Republic 

1997-1999 

1.6 

Prospective, questionnaires 
about vasculitides 

Dolezalova 
et al. (2004) [10] 

Denmark 

1999-2004 

4.9 

Hospital discharge records 

Fischer et al. (2007) 
[11] 

England 

1998-2003 

8.4 

Hospital admissions data 

Harnden 

et al. (2009) [12] 

Finland 

1998-2009 

11.4 

Hospital discharge records 

Salo et al. (2012) 

[14] 

Iceland 

1996-2005 

10.7 

Hospital chart review 

Olafsdottir (2012) 
[13] 

Ireland 

1996-2000 

15.2 

Hospital discharge records 

Lynch et al. (2003) 
[9] 

Northern 

France 

2005-2006 

9 

Prospective, hospital-based 

Heuclin 

et al. (2009) [17] 

Netherlands 

2008-2012 

5.8 

Prospective electronic 
questionnaires 

Tacke et al. (2014) 
[15] 

Norway 

1998-2009 

5.4 

Hospital discharge records 

Salo et al. (2012) 

[14] 

Sweden 

1998-2009 

7.4 

Hospital discharge records 

Salo et al. (2012) 

[14] 
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Year 


Fig. 1 Incidence of Kawasaki disease in three Nordic countries, 1981-2010 


[17], These figures are lower than those reported in North American white 
children [4], 

A substantial proportion of the increased incidence in KD is probably attribut- 
able to increased recognition and correct diagnosis of the disease. Availability of 
treatment increased the need for prompt recognition and increased physician 
awareness in the 1990s. It is also possible that the reported increase in these studies 
is partly due to a real rise in incidence. 

In Ireland, the incidence during 1996-2000 was 15.2 per 100,000 children 
younger than 5 years [9], the highest annual incidence reported in Europe. Similar 
incidences have been reported from regional surveys. A recent study from the 
Netherlands revealed a lower mean annual incidence of 5.8 [15], which is similar 
to the incidence of 5.4 in Norway [14] and 4.9 in Denmark [11]. 

The only national incidence study outside these countries, in the Czech Republic 
in 1997-1999, reported an incidence as low as 1.6 per 100,000 children younger 
than 5 years [10]. That study used questionnaires to enquire about vasculitides. The 
pediatric consultants answering the questions may have been more familiar with 
rheumatological diseases than with hands-on observation and treatment in acute 
wards; thus, the study method may have influenced the results. The French study 
that reported an incidence of 9 per 100,000 had pediatricians monitoring every 
hospital [17], Studies using data from national hospital registers differ in regard to 
whether the country’s privacy policy allows for identification of individual patients 
in registers, as is the case in the Nordic countries [6, 11, 14]. If such identification is 
not possible, all hospital entries can be included and patients may therefore be 
counted twice [8] if interhospital transfers are not excluded [9], 
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Age 

KD patients in Europe are older than those in Japan [14]. The proportion of KD 
patients younger than 5 years ranges from 67%, in Sweden, to 79%, in the 
Netherlands [14]. Incidence is consistently higher among boys. 


Seasonality 

KD is a winter disease in Europe, and starts earlier in colder. Northern climates. In 
Finland and Ireland monthly numbers start to increase in November; in Denmark, 
England, and the Netherlands the months of highest incidence are December 
through February [18], In southern Greece February and March are the months 
with the most cases [19]. 


Cardiac Sequelae 

The proportion of reported coronary abnormalities differs depending on the 
methods, population, and study period. The Dutch nationwide study reported that 
5.6% of KD patients had coronary artery abnormalities persisting longer than 
8 weeks [14]. A recent Greek tertiary care referral center reported coronary artery 
lesions in 33 % of KD patients [20]. 


Way Ahead 

It is possible that KD is still under-recognized in Europe, leading to late diagnosis 
and treatment. Better awareness and suspicion of the diagnosis were called for in 
two recent articles [19, 20]. 
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Recent Topics in the Epidemiology 
of Kawasaki Disease 


Ritei Uehara 


Abstract The incidence rates of Kawasaki disease (KD) in Northeast Asians are 
almost 20 times those of whites. Incidence is higher among Japanese Americans 
than among other Asian Americans living in Hawaii, which indicates that genetic 
factors rather than environmental factors have the predominant role in the occur- 
rence of KD in these populations. Approximately 10-15 % of KD patients have 
persistent or recrudescent fever more than 36 h after the end of initial intravenous 
immunoglobulin infusion. KD is uncommon in adults, although the prevalences of 
specific diagnostic criteria are roughly similar in adults and children. The preva- 
lence of coronary aneurysms is lower in adults than in children. Dr. Kawasaki saw 
the first case of typical KD in 1961. After he treated several more similar cases, the 
first epidemiologic survey of KD was conducted in 1970. 

Keywords Epidemiology • Incidence • Immunoglobulin • Adult 


Kawasaki Disease in Japan and Other Countries 

Nationwide epidemiologic surveys of Kawasaki disease (KD) in Japan have been 
conducted almost every 2 years since 1970 [1], The most recent published study 
was for the survey conducted in 2011 and included patients who visited hospitals 
during 2009-2010. The total number of KD patients who visited hospitals during 
the 2-year period was 23,730 (13,515 boys; 10,215 girls). The average annual KD 
incidence rate during the 2-year period was 222.9 per 100,000 children younger 
than 5 years (boys, 247.6; girls, 196.9). The male-to-female ratio in incidence was 
1.26. The average annual incidence rate for KD in Korea was 113.1 per 100,000 
children younger than 5 years during 2006-2008 [2], which was the second highest 
rate in the world. During 2003-2006, the annual incidence rate of KD in Taiwan 
was 69 per 100,000 for children younger than 5 years during 2003-2006. The male- 
to-female ratio was 1.62. In Beijing, China, the average annual incidence rate of KD 
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during 2000-2004 was 49.4 per 100,000 children younger than 5 years. A signif- 
icant increasing trend in KD incidence was observed during 1995-2004. In Shang- 
hai, the average annual incidence rate during 1998-2002 was 27.3 per 100,000 
children younger than 5 years. The incidence rate of KD was 2.12-3.43 per 100,000 
children younger than 5 years in 1998-2002 in Thailand. The incidence of KD 
showed an increasing trend during the 15-year period 1994-2008 in India. In the 
United States, the hospitalization rate per 100,000 children younger than 5 years 
was 20.8 in 2006, as reported using data from the Kids Inpatient Database. 

KD incidence varies by race/ethnicity. Among children younger than 5 years 
living in Hawaii during 1996-2006, Japanese Americans had the highest incidence 
rate (210.5 per 100,000), followed by Native Hawaiians (86.9 per 100,000) and 
Chinese Americans (83.2 per 100,000). Children classified in the census as “Other 
Asian” (predominantly Korean Americans and Vietnamese Americans) had a KD 
incidence of 84.9 per 100,000. The incidence rate among Japanese- American 
children living in Hawaii was slightly higher than that for Japanese children living 
in Japan (184.6 per 100,000 for 2005-2006). This higher incidence among Japanese 
Americans relative to other Asian Americans living in Hawaii indicates that genetic 
factors rather than environmental factors have a predominant role in the occurrence 
of KD among these populations. In the province of Ontario, Canada, KD incidence 
among children younger than 5 years increased from 14.4 during 1995-1997 to 26.2 
during 2004-2006. The KD incidence rate appears to have reached a plateau around 
8.4 per 100,000 children younger than 5 years in England. KD incidence was 15.2 
per 100,000 children younger than 5 years in Ireland for 1996-2000. For a 1-year 
period during 2005-2006, KD incidence was 9 per 100,000 children in northern 
France. KD incidence was 4.9 per 100,000 children younger than 5 years for 
Denmark (1999-2004), 6.2 for Sweden (1990-1992), and 7.2 for Finland 
(1982-1992). Australia has one of the lowest reported rates (3.7 per 100,000 
children younger than 5 years of age) [3]. Incidence in New Zealand is also low 
(8 per 100,000 children younger than 5 years of age). 

Seasonal variation in incidence rates is well recognized. The monthly number of 
KD patients peaks during the winter and spring months, and lower peaks were noted 
during summer months [1], The United States, England, and Australia reported 
higher incidences in winter and spring, whereas peaks in spring or summer were 
seen in China [3], 


Epidemiologic Characteristics of Intravenous 
Immunoglobulin Nonresponders 

Approximately 10-15% of KD patients have a persistent or recrudescent fever 
more than 36 h after the end of initial intravenous immunoglobulin (IVIG) infusion 
[4]. Nonresponse to initial IVIG infusion is associated with increased risk of 
coronary artery complications [5], especially giant coronary aneurysms [4]. Risk 
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factors for poor response include male sex, age younger than 12 months, delayed 
initiation of treatment (more than day 10 days after symptom onset), and abnormal 
laboratory lindings such as increased numbers of neutrophils and bands, low 
platelet levels, elevated levels of aspartate aminotransferase, alanine aminotrans- 
ferase, C-reactive protein (CRP), total bilirubin, and lactate dehydrogenase, and 
low albumin, hemoglobin, and sodium levels [5]. 


Epidemiology of Adult-Onset KD 

KD is uncommon in adults. A review of over 50 adult-onset KD patients [6] found 
that the male-to-female ratio was 1.56. Mean (SD) age was 27.6 (10.3) years (range, 
18-68 years), and 74% of reported patients were younger than 30 years. Conjunc- 
tival congestion was noted in 93 % of adult patients. Bilateral anterior uveitis was 
also reported. All patients had exanthema, variously described as diffuse erythem- 
atous, macular, maculopapular, or scarlatinifonn. Enanthema was present in almost 
all adult patients: 80 % of patients had strawberry tongue, 60 % had dry fissured 
lips, and 80 % had marked oropharyngeal erythema. Changes in palms or soles were 
noted in 89 % of patients. Desquamation was noted in all but two patients at some 
point during the clinical course. Cervical lymphadenopathy occurred in most cases 
and was painful, symmetrical, and sometimes unilateral. Axillary, subclavicular, 
and inguinal adenopathy was also reported. 

Incomplete KD is diagnosed in patients with fever, at least two of the clinical 
criteria for KD, and laboratory data showing systemic inflammation. Incomplete 
KD is rare in adults [7]. The prevalences of specific diagnostic criteria were roughly 
similar in adults and children [6]. Cheilitis and meningitis seemed to occur less 
frequently in adults (60 % and 1 1 % of cases, respectively) than in children (90 % 
and 44 % of cases, respectively). In contrast, articular involvement and adenopathy 
were more frequent in adults (61 % and 93 % of cases, respectively) than in children 
(24-38 % and 75 % of cases, respectively). Thrombocytosis was less frequent in 
adults (56%) than in children (100%) with KD, whereas elevated liver enzyme 
levels were more frequent in adults (65 %) than in children (10%). Cardiac com- 
plications are the most severe manifestations of KD. Coronary aneurysms were 
detected in relatively few adult patients. The prevalence of coronary aneurysms was 
lower in adults (5 %) than in children (20 %). Myocarditis and tricuspid regurgita- 
tion were also reported. 


Forty-Five Years After the First Report of KD 

Kawasaki et al. described the history of KD in detail [8] and saw the first case of 
typical KD in 1961. After treating several similar cases, he helped conduct the first 
epidemiologic survey of KD, in 1970, with research funds from the Japanese 
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Ministry of Health and Welfare. Hospitals with a pediatrics department and more 
than 100 beds were asked to participate in the survey. The research committee 
developed a diagnostic guideline, which was sent to those hospitals, along with a 
questionnaire asking about the number of cases meeting the diagnostic criteria, 
dates of presentation, and diagnoses. After this first survey, nationwide epidemio- 
logic surveys of KD have been conducted in Japan nearly every 2 years, and several 
features of the disease have been revealed [1]. KD cases were reported in both 
Japan and the United States in the 1970s. Burns et al. provided a detailed history of 
KD in the United States [9], 
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Abstract Kawasaki disease is an acute childhood vasculitis syndrome of uncertain 
etiology that results in coronary artery aneurysms in one of five children who are 
not treated in the acute phase of illness. The standard therapy for acute Kawasaki 
disease is high-dose intravenous immunoglobulin (IVIG), 2 g/kg, over 8-12 h, 
together with aspirin, for its anti-inflammatory and then anti-platelet effects. 
Despite such treatment, however, up to 5 % of children will develop coronary artery 
aneurysms. Adjunctive anti-inflammatory therapies for such patients may be given 
as primary therapy, together with initial IVIG; aggressive primary therapy would 
ideally be targeted to those identified by a risk score as being most likely to develop 
coronary artery aneurysms. Alternatively, rescue therapy can be given to children 
with persistent or recrudescent fever. Adjunctive therapies have included additional 
IVIG therapy, corticosteroids, tumor necrosis factor (TNF)-a blockers (e.g., 
infliximab, etanercept), calcineurin inhibitors (e.g., cyclosporine), interleukin- 1 
receptor antagonist (IL1RA) agents (e.g., anakinra), methotrexate, and cyclophos- 
phamide. Among these adjunctive therapies, only corticosteroids have been proven 
to be effective in reducing the incidence of coronary artery aneurysms, in a phase III 
randomized trial in a high-risk Japanese population. Further research is needed in 
order to improve understanding of the pathobiology of Kawasaki disease arteritis 
and to develop and test more targeted and cost-effective therapies. 

Keyword Kawasaki disease • Mucocutaneous lymph node syndrome • 
Intravenous immunoglobulin • Vascular medicine • Acquired heart disease 
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Introduction 

The goal of medical therapy for acute Kawasaki disease (KD) is to reduce the 
systemic inflammatory response, prevent coronary aneurysms, and, if aneurysms 
are already present, to minimize the peak dimensions reached and prevent coronary 
thrombosis. Management of KD late after onset is targeted at prevention of coro- 
nary ischemia and myocardial infarction in patients who have coronary artery 
aneurysms. The current chapter will focus on anti-inflammatory therapies in the 
acute phase. 


Intravenous Immunoglobulin Therapy 

Recommended therapy for all KD patients in the acute phase includes intravenous 
immunoglobulin (IVIG), 2 g/kg over 8-12 h, together with aspirin in first anti- 
pyretic and then anti-platelet dosages [1], First reported in the English literature by 
Furosho et al. in the Lancet in 1984, IVIG has been shown in many subsequent 
randomized clinical trials to be effective in reducing the incidence of coronary 
aneurysms [1]. IVIG is made from pooled immunoglobulin G (IgG) purified from 
the plasma of more than 1000 donors per lot. 

The exact mechanism of action by which IVIG exerts its dramatic therapeutic 
effect in children with KD remains uncertain. High doses of IVIG are required for 
efficacy, suggesting that the mechanism of action is unlikely to be neutralization of 
an etiologic agent. Rather, its immunomodulatory actions are thought to mediate 
efficacy in immune disorders [2-5]. IVIG may block activating Fey receptors or 
stimulate the inhibitory FcyRIIb receptor, induce neutrophil apoptosis, bind acti- 
vated components C3b and C4b of the complement system, neutralize anti- 
idiotypic or anti-cytokine antibodies, and/or suppress other acute inflammatory 
responses, including chemokines and metalloproteinases [2-5]. Recently, Burns 
and Franco have posited that the mechanism of action of IVIG in modulating the 
inflammatory response in KD may also relate to stimulation of an immature 
myeloid population of dendritic cells secreting interleukin (IL)-10 and/or to its 
effects on Fc-specific natural regulatory T cells [5], 

Moreover, IVIG appears to have a dose-response effect on aneurysm incidence; 
2 g/kg is more effective than smaller doses [6], This dose-response effect was the 
rationale for the 2004 American Heart Association recommendation that IVIG 
retreatment be given to children with recrudescent or recurrent fever at least 36 h 
after cessation of initial IVIG, in the absence of an alternative explanation for fever. 
However, there has never been a randomized trial on the efficacy of IVIG 
retreatment. The rising incidence of severe hemolysis after IVIG retreatment in 
individuals with blood type A, together with accumulating data on the use of other 
anti-inflammatory agents, has increased interest in alternative rescue therapies for 
those with IVIG resistance [7]. 
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Corticosteroid Therapy 

The least expensive and best studied anti-inflammatory agents for treatment of KD 
are corticosteroids. They are widely used in therapy for other forms of vasculitis 
and are powerful anti-inflammatory agents, due to their effects on a multitude of 
inflammatory genes. Corticosteroid therapy has been reported to be effective as 
“rescue” therapy for patients with recurrent or recrudescent fever after IVIG; the 
most compelling multicenter study used the so-called RAISE regimen of a tapering 
dose of prednisolone over several weeks [8]. Corticosteroids have also been used as 
primary therapy for patients who are judged to be at high risk for coronary artery 
aneurysms at the time of first presentation, as best demonstrated in a randomized 
controlled trial of IVIG plus prednisolone (RAISE regimen) conducted at 74 insti- 
tutions in Japan, which used the Kobayashi score to identify participants at high risk 
for IVIG resistance [9]. Children treated with both IVIG and a course of prednis- 
olone therapy were less likely than those treated with IVIG alone to develop 
coronary artery aneurysms at any time during the study period and also specifically 
at week 4. In addition, children treated with the RAISE regimen of corticosteroids 
were less likely to receive additional rescue therapy. 


Other Anti-inflammatory Therapies 

The rationale for use of tumor necrosis factor (TNF)-a inhibitors began with the 
observation that patients with acute KD had high levels of the pro-inflammatory 
cytokine TNF-a, and that the levels were highest in those who developed coronary 
aneurysms [10]. Infliximab is a chimeric monoclonal antibody that binds with high 
affinity to TNF-a. In a randomized double-blind, placebo-controlled trial, 
infliximab together with conventional therapy including IVIG resulted in shorter 
fever duration and faster normalization of inflammatory markers [1 1]. A retrospec- 
tive study of rescue therapy with infliximab compared with IVIG retreatment 
similarly showed that use of infliximab was associated with fewer days of fever; 
coronary outcomes did not differ [12]. Use of etanercept, a recombinant soluble 
TNF receptor, has also been reported in KD; [13] a randomized trial of primary 
therapy with this agent is ongoing. 

Small studies have reported possible efficacy of the calcineurin inhibitor cyclo- 
sporine in rescue therapy for KD [14, 15], The rationale for its use includes the 
observation that T cells have a role in mediating damage to the coronary artery wall. 
In addition, genetic studies have shown that activation of the nuclear factor of 
activated T cells (NFAT)-calcineurin signaling pathway is associated with suscep- 
tibility to KD, as well as with development of coronary artery aneurysms. 

Recent interest in the use of statin agents, particularly atorvastatin, stems from 
the association of coronary artery aneurysms with polymorphisms in the 
transforming growth factor (TGF)-p signaling pathway. In particular, single- 
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nucleotide polymorphisms in TGF-P2, TGF-PR2, and SMAD3, as well as in a gene 
encoding Caspase 3, appear to heighten the risk of aneurysms [16], These funda- 
mental observations resulted in a randomized clinical trial of atorvastatin in chil- 
dren with acute KD and coronary ectasia (www.clinicaltrials.gov; unique identifier: 
NCT 01431105), which is ongoing. 


Conclusions 

In summary, outcomes for children with KD have dramatically improved since the 
disease was first described. Flowever, even with timely diagnosis and treatment, an 
important subset of these children continues to develop coronary aneurysms. In the 
future, improved understanding of the pathobiology of KD arteritis may be trans- 
lated into more targeted and cost-effective therapies. 
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of Kawasaki Disease 
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Abstract In the research of the treatment of acute stage of Kawasaki disease, only 
small case series of initial treatment were reported in decades ago. However 
recently, more reliable results with high-evidenced outcomes from well-designed 
and with high quality clinical trials like RAISE study have been increasingly 
reported. We here introduce the revised guideline of the medical treatment of 
acute phase of KD in 2012 (KDGL 2012), organized by the Japanese Society of 
Pediatric Cardiology and Cardiac Surgery (Pediatr Int 56:135-58, 2014). 

Keywords RAISE study • KDGL • Guidelines for medical treatment of acute 
Kawasaki disease 


Introduction 

In the research of the treatment of acute stage of Kawasaki disease, only small case 
series of initial treatment were reported in decades ago. However recently, more 
reliable results with high-evidenced outcomes from well-designed and with high 
quality clinical trials like RAISE study have been increasingly reported. We here 
introduce the revised guideline of the medical treatment of acute phase of KD in 
2012 (KDGL 2012), organized by the Japanese Society of Pediatric Cardiology and 
Cardiac Surgery [1], 


The guidelines in this chapter are reprinted with permission from Pediatrics International, John 
Wiley & Sons, Inc., 2014. 
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Fundamentals of New Guideline 2012 

Essentially, the guideline must be prepared on the academic basis and organized 
with recommendations for supporting clinicians and patients at clinical decision 
makings. It can be used for the treatment options and special medications. But, it 
should not deny their valuable experiences or can’t always be adapted for every 
case. An attending physician should determine a therapeutic strategy in the guide- 
line by discussing with patients, their parents, or tutelary guardians. Most important 
discussion is how reliable the GL to them. 


Previous Guideline 2003 

JSPCCS published first KDGL in 2003, when the single infusion of IVIG 1-2 g/kg/ 
dose was recommended and replaced the divided dose of IVIG 200—400 mg/kg/ 
dose for 3-5 days, which became a standard regimen as an initial treatment. 

Currently, IVIG 1-2 g/kg/dose is established as a standard regimen for initial 
treatment in 98.2 % of patients reported by biannual Japanese Survey 2009-2010, 
which was around 86 % in survey 2003-2004. Coincidentally, the incidence of 
coronary artery abnormality at 1 month (CAA) was 3.83 % in 2003-2004, 
decreased to 2.47 % in 2011-2012. 

After the first KDGL 2003 published, the new regimen of single infusion of 
IVIG 1-2 g/kg/dose was approved by Japanese Pharmaceutical and Medical 
Devices Agency (PMDA). The regimen of IVIG 1-2 g/kg/dose was established 
almost 20 years after the first in human report of 100 mg/kg/dose for initial 
treatment reported in 1982 by Kondo et al. Then IVIG 400 mg/kg divided dose 
reported by Furusho, et al. in 1983 gave a historical step after conventional 
treatment with ASA. 


General Principles of the New Guideline 2012 

The philosophy of the new KDGL for acute treatment includes, 

1 . Assessment of the evidence level and recommendation grade of the drug therapy 

2. Stratification for IVIG non-responsiveness by the risk score 

3. Set the treatment algorithm for 1st line IVIG non-responder and 2nd line 
non-responder 

4. Recommendation of upgrade therapy ex, IVIG plus prednisolone or pulse 
methylprednisolone (iMP) as an initial therapy on 2nd line treatment for 
suspected 1st line IVIG non-responder predicted by the risk score 

5. Recommendation of upgrade of 3rd line treatment when 2nd line treatment is 
ineffective. 
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6. No recommendation on the treatment selection for incomplete form or order of 
priority of each treatment 


What to Do When the Child is Admitted 

First, we calculate the risk score and stratify the high-risk and low risk for 1st line 
IVIG treatment. If the patient is suspected as 1st line IVIG non-responder, we select 
IVIG plus predonisolone or IVIG plus iMP, basically listed in the 2nd line treat- 
ment. Twenty four hours after the conclusion of 1st line treatment, we assess the 
response. When fever is =37.5 °C, it is assessed as a responder. 

When you recognize that the 1st line treatment is not effective, you immediately 
select the 2nd line treatment from one of the candidates for the 3rd line treatment 
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The primary purpose of practical guidelines is to contribute to timely and appro- 
priate diagnosis and treatment of a given disease or condition, in addition to 
providing current medical information on pathogenesis and treatment, as deter- 
mined by specialists in the field. Guidelines, however, should not be considered 
procedure manuals that limit the treatment options of practitioners, because treat- 
ment modalities other than those recommended in such guidelines are often 
required. Such treatment choices are the result of comprehensive analysis of all 
medical circumstances, including patient condition, treatment option, and disease 
severity. Furthermore, certain drugs shown to be useful in studies conducted in 
other countries may not yet have been approved for use here in Japan. The results of 
clinical research (including randomized controlled trials) must be verified in sub- 
sequent research, and the safety and effectiveness of a particular treatment may take 
several months to confirm. 

Evidence classification 

Recent clinical guidelines typically provide evidence levels based on study design 
and reported effectiveness. 

Level (class) based on study design 

These are defined as follows: class la, systematic reviews, meta-analyses; class 
lb, randomized controlled trials; class Ila, non-randomized controlled trials; class 
lib, other quasi-experimental studies; class III, non-experimental reports (compar- 
ative studies, correlation studies, case studies); and class IV, opinions of commit- 
tees of experts and authorities. 

Classification (grade) based on efficacy 

These are given as follows: grade A, highly recommended; grade B, 
recommended; grade C, recommended, but evidence is uncertain; and grade D, 
contraindicated. 

The present guidelines will use these classification systems in reviewing the 
available evidence for the various treatments. 

Background of the present revision of the treatment guidelines 

In July 2003, the Scientific Committee of the Japanese Society of Pediatric Cardi- 
ology and Cardiac Surgery published its Treatment Guidelines for Acute Kawasaki 
Disease (KD). These guidelines were designed to present, in a clinically relevant 
manner, the findings of Ministry of Health research done from 1998 through 2000 
by the Onishi group at Kagawa Medical University (working under the official title, 
“The Pediatric Pharmaceutical Investigation Research Group”). This research had 
been published as “Research designed to identify and solve problems in the suitable 
use of pharmaceuticals for pediatric medical treatment: pharmaceuticals in 
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cardiology” and had originally been conducted to provide clinical data for the 
approval of single-use i.v. immunoglobulin (IVIG). 

During the 9 years that have passed since the publication of the previous 
guideline, new data have been collected, and reports on new drug treatments have 
been published. Members of the International Kawasaki disease Symposium have 
been waiting for a revision of the previous Japanese guideline. Thus, the Scientific 
Committee was restructured and assigned the task of revising the guideline. 

Purpose and methods 

Data on IVIG that have accumulated since it was approved and first marketed have 
confirmed the efficacy and safety of single-use IVIG therapy. In addition, the 
incidence of coronary artery lesions (CAL) has gradually decreased every year 
since IVIG treatment was introduced in Japan. [1] The incidence of giant coronary 
artery aneurysms (CAA), however, has remained almost unchanged, which high- 
lights the importance of timely use of second- and third-line treatments for IVIG- 
resistant patients. 

In developing the present guideline, we carefully reviewed the most recent 
available literature, classified evidence and efficacy, and revised suggested treat- 
ment methods, including procedures for selecting first-, second- and third-line 
medications, with a special focus on off-label uses. For example, the previous 
guideline did not mention new therapeutic agents such as infliximab (IFX), cyclo- 
sporin A (CsA), or methotrexate (MTX). In the present edition, risk/benefit con- 
siderations are also clearly presented, based on data collected in and outside Japan. 
Despite the publication of almost 200 reports every year on KD, there is still no 
universally accepted treatment for IVIG resistance. This is also the case, however, 
for many other disorders, such as autoimmune disease and rheumatoid conditions, 
given that no single medication will benefit all patients in the same way. Thus, to 
ensure optimal outcome, physicians must treat each patient individually. 

Diagnosis and treatment of incomplete KD 

In the published results of the 21st Nationwide Survey of KD by Jichi Medical 
School a total of 23 730 cases of KD were reported in Japan during the 2 year period 
2009—20 1 0. [ 1 J Diagnosis of KD follows the criteria outlined in the fifth edition of 
the diagnosis guidelines for KD, [2] which requires that at least five of the following 
six principal symptoms are present: (i) fever persisting >5 days (including fever 
that subsides before the fifth day in response to therapy); (ii) bilateral conjunctival 
congestion; (iii) changes in lips and oral cavity: reddening of lips, strawberry 
tongue, diffuse injection of oral and pharyngeal mucosa; (iv) polymorphous exan- 
thema; (v) changes in peripheral extremities: reddening of palms and soles, indu- 
rative edema (initial stage); membranous desquamation from fingertips 
(convalescent stage); and (vi) acute non-purulent cervical lymphadenopathy. 

Kawasaki disease, however, may also be diagnosed when only four of the 
aforementioned symptoms are present, if during the period of illness either 2-D 
echocardiography or coronary angiography shows CAA, including dilation of 
coronary artery, and other causes of CAA can be excluded. A diagnosis of KD is 
possible even if five or more of the principal symptoms are not present, if other 
conditions can be excluded and KD is suspected - a condition known as incomplete 
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KD. Indeed, approximately 15-20 % of KD patients have incomplete KD. But, even 
if a patient has four or fewer of the principal symptoms, the illness should not be 
regarded as less severe, because cardiovascular abnormalities are not rare in 
patients with incomplete KD. For this reason, even patients with fewer than five 
of the aforementioned symptoms should be evaluated for KD. Early treatment is 
essential, particularly when fever is present, because CAL development in such 
cases is not uncommon. Diagnosis of incomplete KD is not a simple matter of 
adding up the number of overt KD symptoms: the importance and individual 
characteristics of each symptom of the illness must be correctly assessed. For 
example, redness and crusting at a bacille Calmette-Guerin (BCG) inoculation 
site in infants younger than 1 year and multilocular cervical lymphadenopathy in 
children aged >4 years are characteristic features of KD. 

Basic pathology 

The 2012 Revised International Chapel Hill Consensus Conference Nomenclature 
of Vasculitides defines KD as an arteritis associated with mucocutaneous lymph 
node syndrome, predominantly affecting medium and small arteries. [3] There is 
very little damage to veins. The location of pathological changes clearly differen- 
tiates KD from other vasculitis syndromes, given that the principal danger of KD is 
inflammatory vasculitis of the coronary arteries. Edematous lesions develop in the 
intima media, and vascular fragility increases due to partial rupture of the internal 
and external elastic lamina. As a result, the arterial wall can no longer withstand its 
internal pressure, particularly diastolic pressure, and becomes distended and 
deformed, leading in severe cases to aneurysm formation. Only a few other diseases 
cause distension of coronary arteries. These include vasculitis resulting from 
Epstein-Barr virus infection, lupus, classical periarteritis nodosa, and atheroscle- 
rotic lesions. Calcification can also occur in rare cases and affect coronary arteries, 
for example in cases of renal dialysis in adults and herpes infection in newborns. 

Patients with KD may develop multiple lesions in the proximal region and 
vessels branching out from it. As aneurysms begin to calcify, further pathological 
distension or development of aneurysms and intimal thickening may develop 2-3 
years later in areas with previously disrupted internal and external elastic lamina. [4] 

Coronary artery lesions 

The principal characteristics of KD are dilation of coronary arteries and CAA. Most 
CAA occur in the proximal region and its branches, and arteries with a CAA 
measuring >8 mm in diameter are very unlikely to regain their normal morphology. 
Right CAA may lead to occlusion or recanalization, and left CAA may progress to 
stenotic lesions. 

Rupture of the internal elastic lamina in the intima media of the dilated area 
weakens the artery wall, and coronary arterial pressure then becomes the direct 
mechanical cause of distension. In rare cases, aneurysms may develop in branches 
of the axillary or celiac arteries. During acute KD, vasculitis worsens during the 
first 7 days after disease onset. In patients with mild illness, the vasculature returns 
to normal by the second or third week. 
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Suitable pharmaceuticals for treating KD 

Treatment of acute KD 

The principal objective in treating acute KD is minimizing the risk of developing 
CAL. In practice, this means quickly suppressing the acute-phase inflammatory 
reaction caused by KD. Except in cases of very mild KD, IVIG should be started 
before illness day 7. Histological studies have shown that arteritis typically 
develops by 8 or 9 days after KD onset. Therefore, treatment should begin before 
this point, to suppress arteritis and hasten resolution of fever and normalization of 
inflammation markers. In patients with incomplete KD, IVIG should also be begun 
as soon as possible after a diagnosis of KD, especially if fever is present. In 
approximately 80 % of cases, fever should be lowered to <37.5 °C within 48 h of 
starting IVIG. In 40 % of IVIG-resistant patients, fever can be reduced to <37.5 °C 
with additional IVIG of 1 g/kg. Persistent fever after 48 h of starting IVIG should be 
regarded as evidence of IVIG-resistant KD. Prevention of CAA in such patients 
may largely depend on the selection of subsequent treatment. 

In addition to CAL, other cardiovascular complications may develop in patients 
with acute KD, including myocarditis, pericardial effusion, valvular regurgitation, 
and, rarely, arrhythmia. Specific treatment may be required for these sequelae, as 
well as for cardiac dysfunction or heart failure. Furthermore, other symptom- 
specific treatment may be required for systemic complications such as edema, 
hypoalbuminemia, electrolyte imbalances (i.e. hyponatremia), paralytic ileus, 
hepatic dysfunction, cholecystitis, impaired consciousness, convulsions, anemia, 
diarrhea, vomiting, and dehydration. Particularly during high-dose IVIG infusion, 
care must be taken to prevent volume overload so as to protect the patient from 
complications such as heart failure. 

There is currently no universally accepted classification system to evaluate KD 
severity and need for IVIG use, although many such scoring systems have been 
proposed. Initial attempts were made by Asai and Kusakawa,[5] which were 
followed by the Iwasa score[6] and Harada score. [7] More recently, predictive 
models designed to evaluate the possibility of IVIG resistance were proposed, 
including the Kobayashi score, [8] Egami score, [9] and Sano score. [10] In general, 
such predictive models consider factors such as age, gender, days of illness, white 
blood cell count, %neutrophils, hematocrit, platelet count, C-reactive protein 
(CRP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total 
bilirubin, sodium, and albumin. Recently, a randomized controlled trial found that 
IVIG plus steroid as initial therapy for patients predicted to be at high risk for IVIG 
resistance improved clinical and coronary arterial outcomes. [1 1-13] The effective- 
ness of such predictive models, however, has not been confirmed in large-scale 
prospective cohort studies or meta-analyses, and controversy remains as to whether 
initial therapy with IVIG plus steroids is the optimal treatment. 

Choice of treatment for IVIG-resistant patients 

Several second-line treatment options are available if fever persists or has 
reappeared at 24 h after first-line treatment. The efficacy of these second-line 
treatments for resistance to first-line treatment is currently being investigated by 
researchers in many countries, but evidence remains limited due to the lack of 
randomized controlled trials. 
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Options for second-line treatment include additional IVIG, 
i.v. methylprednisolone pulse (IVMP), prednisolone (PSL), IFX, ulinastatin 
(UTI), CsA, MTX, and plasma exchange (PE). The decision to use any of these 
treatments requires careful consideration of patient characteristics. At present, the 
most commonly used second-line treatment is additional IVIG,[1] which is some- 
times given in combination with other medications. As for steroids, a retrospective 
study noted a high incidence of giant aneurysms. [14] That small uncontrolled case 
study reported that several patients had received steroids before rupture of coronary 
arteries, which suggests that physicians should carefully consider the decision to 
use steroids for patients with KD if CAA are already present. When steroids, 
biologies, or immunosuppressants are given to infants, there is also a risk of long- 
term side-effects, and questions remain regarding the general safety of such med- 
ications. Thus, a careful risk/benefit evaluation should be done to consider the 
likelihood of such adverse effects versus the possibility of CAA formation. 

Algorithm for selecting optimal treatment 

To decrease the risks of first-line IVIG resistance and CAA, it seems reasonable 
to consider risk stratification using predictive models and to select more-aggressive 
initial treatment for patients at high risk of IVIG resistance. Such patients should be 
treated with 2 g/kg of IVIG in combination with either 2 mg/kg per day PSL or 
30 mg/kg per day IVMP. If the patients fail to respond to these treatments, a third- 
line treatment will be upgraded to a second-line treatment. 

Because few studies have assessed the efficacy of medications other than IVIG 
retreatment, it is impossible at this time to assign an objective order of these 
treatment options. The present guidelines, however, offer evidence levels and 
grades to assist physicians in selecting appropriate alternatives. Various methods 
of calculating KD patient risk scores and, thereby, estimating KD severity have 
been developed at a number of institutions by different physicians, based on their 
particular experience with KD.[8- 10] The Japanese Society of Pediatric Cardiology 
and Cardiac Surgery does not intend to limit the treatment options available to 
clinicians, especially when such options have already received ethics committee 
approval at their institution. Instead, the judgment of physicians in selecting 
treatments should be respected, for practical reasons as well. Such treatments 
may be given after a physician has established a sufficient basis for selecting a 
given treatment and received informed consent/assent from the family/patient 
(Fig. 1). 


Immunoglobulin 

Purpose 

Currently, the most effective anti-inflammatory treatment for KD is early IVIG. 
[15-17] The latest systematic review by the Cochrane Collaboration states that CAL 
development can be reduced by a single dose of 2 g/kg IVIG given before the 10th 
day after onset. [18] 
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Fig. 1 Algorithm for the treatment of acute Kawasaki disease ( KD ). If patient risk score indicates severe KD (i.e., suspected IVIG resistance), the starred 2nd- 
line therapies may be used as lst-line therapies, and 3rd-line asterisked options may be used as 2nd-line therapies, as required. ASA acetyl salicylic acid, CRP 
C-reactive protein, IFX infliximab, IVIG i.v. immunoglobulin, IVMP i.v. methylprednisolone pulse, PSL prednisolone, UTI ulinastatin 















Overview of the New Japanese Guideline20 1 2 for the Medical Treatment of. . . 


113 


Table 1 Immunoregulatory effects of IVIG[ 19-22] 

I. Fc receptor-mediated effects 

Blockade of Fc receptors on macrophages and effector cells 
Antibody-dependent cellular cytotoxicity 
Induction of inhibitory FcyRIIB receptors 
Promotes clearance of antibodies that block FcRn 

II. Anti-inflammatory effects 

Attenuation of complement-mediated damage 
Decrease in immune complex-mediated inflammation 
Induction of anti-inflammatory cytokines 
Inhibition of activation of endothelial cells 
Neutralization of microbial toxins 
Reduction in steroid requirements 
Modulation of matrix metalloproteinases 
II. Effect on B cells and antibodies 

Control of emergent bone marrow B-cell repertoires 
Negative signaling through Fey receptor 
Selective downregulation/upregulation of antibody production 
Neutralization of circulating autoantibodies by anti-idiotypes 
V. Effect on T cells 

Regulation of T -helper cell cytokine production 
Neutralization of T-cell superantigens 
Regulation of apoptosis 

V. Effect on dendritic cells 

Inhibition of differentiation and maturation 
Regulation of inflammatory cytokine production 

VI. Other 

Mutually interacts with immunological molecules 

Suppression of autoantibody production against vascular endothelial cells 
Acceleration of phagocytosis arising from binding of neutrophils and macrophages (opso- 
nin effect) 

Suppression of inflammation-related gene SI 00 mRNA 

Suppression of MCP-1 receptor CCR2 gene expression produced by macrophages 

CCR2, C-C chemokine receptor type 2; FcyRIIB, Fc gamma receptor IIB; FcRn, neonatal Fc 
receptor; IVIG, i.v. immunoglobulin; MCP-1, monocyte chemotactic protein- 1 


Mechanism of action 

Because the causes of KD are unknown, the mechanisms underlying the therapeutic 
benefits of IVIG remain speculative. Table 1 lists the hypothesized mechanisms of 
action. [19-22] 
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Indications 

I.V. immunoglobulin is suitable for almost all cases of typical acute KD, that is, 
when KD is diagnosed based on the presence of the principal symptoms specified in 
the criteria of the diagnostic guideline for KD[2] and the patient is at risk for CAL. 
For patients with symptoms that only partially fulfill the diagnostic criteria, incom- 
plete KD may be diagnosed - if other diseases or conditions can be excluded - after 
which IVIG should be started as quickly as possible due to the risk of CAL. LI 7] 

In cases of less severe KD or spontaneous defervescence, clinicians may refrain 
from IVIG, in accordance with the considerations detailed in the Ministry of Health 
Group Committee guidelines for IVIG (Harada score) [7] and disease severity 
standards established at the physician’s institution. 

Data from the 21st Nationwide Survey of KD show that IVIG was given to 
89.5 % of patients. [1] 


Treatment method and dosage 

Period of treatment 

Lv. immunoglobulin should be started on or before the seventh day after KD onset. 
It is essential to quickly reduce inflammation and duration of fever, definitely 
before illness day 8 or 9, when CAL begin to appear. Markers of systemic 
inflammation, for example CRP and neutrophil count, should be lowered as well. 

One study compared patients receiving IVIG on the fifth of illness day or earlier 
with those who received IVIG on the sixth through ninth days of illness. Although 
duration from treatment onset to defervescence was slightly longer overall among 
those receiving IVIG earlier, total duration of fever was shorter. Moreover, the 
groups did not differ in incidence of fever recurrence or additional IVIG treatment, 
or in number of days of hospitalization. Furthermore, 1 year after appearance of 
symptoms, those who had received IVIG earlier had a lower incidence of CAL. [23] 


Dosage 

The suggested IVIG dosage for acute KD is 2 g/kg per day (single use), 1 g/kg per 
day for 1 or 2 days continuously (modified single use), or 200-400 mg/kg per day, 
over 3-5 days (divided dosing). 

Studies in a number of countries have shown that, as compared with divided- 
dose regimens, a single dose of 2 g/kg per day significantly reduced CAL incidence, 
more quickly normalized inflammation markers, and was more effective in reduc- 
ing fever. [4, 5] As for 1 g/kg/day use, if clinical efficacy is seen on the first day, it 
might not be necessary to continue treatment into the second day. 
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The 21st Nationwide Survey of KD found that a single dose of 2 g/kg per day 
IVIG was used in 85 % of reported cases and that 1 g/kg per day was given for 1 or 
2 days in 6.2 % and in 7.7 % of cases, respectively.]!] 

There is no consensus in Japan as to whether older/larger children should be 
treated with 2 g/kg IVIG or a lower dose. 

As for 2 g/kg regimen, the treatment rate varies slightly for different products, 
although IVIG is typically given over a period of approximately 12 h in North 
America. In Japan, one product permits use within a similar 12 h period, but the 
total volume of 2 g/kg IVIG is usually given over a period of 24 h. Because volume 
overload might occur when the treatment rate is too fast, which can lead to cardiac 
dysfunction, it is important to adhere to the recommended treatment rate and 
carefully observe patient hemodynamics. 


Product types and directions for use 

At present, four brands of IVIG are approved for KD in Japan (Table 2): two are 
processed with polyethylene glycol (PEG), one is sulfonated, and one is processed 
to ensure a pH of 4 (acidic). No major differences in efficacy have been reported. 
Table 2 lists the characteristics of these products, as described in their respective 
product inserts. 

The principal differences are as follows. 

(1) The sulfonated product (Kenketsu Venilon-I; Teijin, Tokyo, Japan) contains 
serum albumin, and its sodium concentration is identical to that of saline 
(154 mEq/L). 

(2) The two products processed with PEG come in freeze-dried (Kenketsu 
Glovenin-I; Nihon Shinyaku, Kyoto, Japan) and liquid (Venoglobulin IH; 
Japan Blood Products Organization, Tokyo, Japan) form. The suggested infu- 
sion rate for PEG-processed IG is slightly slower than that of the sulfonated 
product. Kenketsu Glovenin-I has a sodium concentration of 154 mEq/L. 
Because liquid preparations are usually refrigerated until use, they must be 
warmed to at least room temperature beforehand. 

(3) The pH 4-processed IG (Nisseki Polyglobin-N; Japan Red Cross Society, 
Tokyo, Japan) comes in liquid form and should also be warmed to at least 
room temperature before use. During injection, it is essential that the liquid 
does not leak out of the vein, because this may cause necrosis of the skin. 
Furthermore, because the preparation contains maltose, the plasma glucose 
dehydrogenase method should not be used to measure blood sugar after injec- 
tion, given that this method can be affected by the presence of maltose. 

Close monitoring and a slower infusion rate are required during the first 
30-60 min, given that all the aforementioned products might result in anaphylaxis 
during treatment. If no adverse reactions occur during the first hour of treatment 
(rate, 0.01 mg/kg per min), the maximum rate (<0.03 mg/kg per min) of 2 g/kg may 
then be used over a course of 12-20 h. 
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IVIG retreatment for IVIG-resistant patients 

Although IVIG is the established first-line treatment for KD, approximately 
15-20% of all KD patients (16.6% of patients in the 21st Nationwide Survey of 
KD[1]) have persistent or recrudescent fever after 2 g/kg of IVIG, and there has 
been considerable debate regarding the optimal second-line treatment for such 
patients. The 21st Nationwide Survey of KD reported that additional IVIG was 
given to a large majority (91.5%) of the 3231 IVIG-resistant patients reported 
during the survey period. Steroid was given together with IVIG in 29.0% of 
patients, IFX in 4.3 %, immunosuppressants in 3.7 %, and PE in 2.2 % of patients. 
IVIG retreatment alone was effective in approximately half of the patients. [24] 

In recent years, various scoring systems have been developed to evaluate the 
likelihood of IVIG resistance at the time of diagnosis. Representative scoring 
systems are listed in Table 3. [8-10] If such scores suggest that patients are at high 
risk of IVIG resistance, more aggressive primary therapy in combination with the 
usual first-line treatment of 2 g/kg IVIG plus aspirin can be considered. In the 
RAISE study, Kobayashi et al. found that IVIG plus PSL, started at 2 mg/kg per day 
and halved every 5 days, was effective in preventing CAL formation and initial 
treatment failure. [8, 13] In addition, Egami et al. and Ogata et al. as well as Sano 
et al. and Okada et al. reported the effectiveness of methylprednisolone (MP; 1-3 
doses of 30 mg/kg of IVMP) in combination with IVIG. [9- 12] As compared with 


Table 3 Representative scoring systems for evaluating potential IVIG resistance 



Cut-off point 

Points 

Kobayashi score[8] (>5 points; 76% sensitivity, 80% specificity) 



Sodium 

<133 mmol/L 

2 

Day of illness at initial IVIG (= KD diagnosed) 

Day 4 or earlier 

2 

AST 

>100 IU/L 

2 

Neutrophil ratio 

>80% 

2 

CRP 

>10 mg/dL 

1 

Platelet counts 

<30.0 x 10 4 /mm 3 

1 

Age 

<12 months 

1 

Egami score[9] (>3 points; 78% sensitivity, 76% specificity) 



ALT 

>80 IU/L 

2 

Day of illness at initial IVIG (= KD diagnosed) 

Day 4 or earlier 

1 

CRP 

>8 mg/dL 

1 

Platelet counts 

<30.0 x 10 4 /mm 3 

1 

Age 

<6 months 

1 

Sano score) 10] (>2 points; 77 % sensitivity, 86 % specificity) 



AST 

>200 IU/L 

1 

Total bilirubin 

>0.9 mg/dL 

1 

CRP 

>7 mg/dL 

1 


AST, aspartate aminotransferase; CRP, C-reactive protein; IVIG, i.v. immunoglobulin; KD, 
Kawasaki disease 
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patients receiving only 1VIG plus aspirin, defervescence was significantly more 
likely, and the incidence of CAL was significantly lower, among patients receiving 
IVIG plus steroids. Although further research is necessary, it seems advisable to 
adapt this risk-stratified strategy for severe cases so as to reduce the number of 
IVIG-resistant patients and further lower the incidence of CAL. 


Effectiveness 


I.v. immunoglobulin was found to be quite safe and, at present, has the greatest 
effectiveness. For these reasons, its effectiveness has been widely recognized both 
in Japan and in other countries, and it is also included in the recommendations of 
many relevant textbooks. 

The incidence of cardiac complications reported in the latest Nationwide KD 
survey decreased to approximately half that in 1997-1998, when patients only 
rarely received 2 g/kg IVIG. During the acute phase of the illness, that is, until 
approximately 1 month after disease onset, the incidence of cardiac complications 
was 9.3%, including dilation, 7.26%; valvular insufficiency, 1.19%; coronary 
aneurysm, 1.04%; giant coronary aneurysm, 0.24%; coronary artery stenosis, 
0.03 %; and myocardial infarction, 0.01 %. Even during the convalescent phase, 
that is, >28 days after disease onset, complications persisted in 3.0% of patients, 
including dilation, 1.90 %; aneurysm, 0.78 %; valvular insufficiency, 0.29 %; giant 
aneurysm, 0.22 %; stenosis, 0.03 %; and myocardial infarction, 0.02 %. Further- 
more, the number of deaths in Japan within 2 years of KD onset was 51 during the 
10 year period 1991-2000, which decreased by more than 60 % to 19 cases with the 
introduction of 2 g/kg IVIG during the subsequent 10 year period, 2001-2010 
(Fig. 2). [ 1 ] 



1 2 3 4 5 6 7 


Nationwide 15th 16th 17th 18th 19th 20th 21th 

(Year) (1997-98) (1999-2000) (2001-02) (2003-04) (2005-06) (2007-08) (2009-10) 

Rate of IVIG 2 g/kg 10.3% 21.7% 39.0% 56.7% 67.0% 75.6% 


Fig. 2 Incidence of coronary artery lesions (CAL) vs rate of 2 g/kg i.v. immunoglobulin (IVIG) 
treatment, image, <30 days; image, >30 days 
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Side-effects 

I.V. immunoglobulin is derived from human plasma and is considered to have very 
few adverse effects and a high level of safety (Table 4). It is necessary, however, to 
carefully explain the possibilities of rare side-effects to patients and/or their fam- 
ilies and to obtain their informed consent before treatment 

In Japan, there have been no reports of viral contamination of any IVIG product. 
Donated blood is carefully screened to confirm the absence of HBs antigens, anti- 
HCV antibodies, anti-HIV- 1 antibodies, anti-HIV-2 antibodies, and anti-HTLV-1 
antibodies and to verify normal ALT. Furthermore, when plasma is pooled, the 
nucleic acid amplification testing (NAT) is used to test for HIV, hepatitis B virus 
(HBV), hepatitis C virus (HCV), hepatitis A virus, and human parvovirus B19, and 
only plasma that tests negative for all these infections is used. Using present 
pharmaceutical production processes, the absence of viruses that are undetectable 
even by NAT (e.g. abnormal prion proteins and human parvovirus B19), cannot be 
determined with 100 % certainty, but there have been no reports of viral infection 
due to IVIG. Side-effects are infrequent but include post-treatment chills and 
shivering, shock (such as cyanosis and hypotension), anaphylactic reactions, asep- 
tic meningitis, [25] hemolytic anemia,[26] hepatic dysfunction, jaundice, acute 
renal failure, thrombocytopenia, and pulmonary edema. Thus, patients should be 
careful monitored for these side-effects. Particularly immediately after the start of 
i.v. treatment and when the infusion rate is increased, the physician should monitor 
for coldness and shivering, altered consciousness, discomfort, trembling, cyanosis, 
hypotension, and shock. Finally, cardiac dysfunction or even acute heart failure 


Table 4 General side-effects of immunoglobulin 



High incidence 

Rare 

General 

Fatigue, fever, facial erythema, 
coldness 

Anaphylaxis 

Systemic side- 
effects 

Loss of appetite, myalgia, 
arthralgia, swollen joints 

Common cold symptoms, anaphylaxis, 
blepharedema 

Neurological 

Headache, migraine, dizziness 

Aseptic meningitis, weakness, abnormal 
sensations 

Respiratory 

Shortness of breath, cough, 
bronchial spasms 

Pleural effusion, blood transfusion- 
related lung disorders, pulmonary edema 

Cardiovascular 

Hypotension, hypertension, chest 
pain 

Irregular pulse, myocardial infarction 

Gastrointestinal 

Loss of appetite, nausea, 
vomiting, abdominal pain, 
diarrhea 

Taste disorder 

Renal 


Renal tubular disorders, renal failure 

Dermatological 

Urticaria, erythema, pimples, 
pruritus 

Multiform exudative erythema 

Hematological 

Hemolysis 

Thromboembolism, hyperviscosity syn- 
drome, leukopenia 
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Table 5 Post-marketing 
survey of adverse effects of Ig 
for KD (no. treatments, 7259) 


Side-effect 

No. events 

Hepatic dysfunction 

69 

Abnormal findings of liver enzyme tests 

40 

Pruritus, rash 

78 

Hypothermia 

50 

Hypotension 

19 

Aseptic meningitis 

19 

Pallor 

15 

Cyanosis 

14 

Heart failure 

13 

Shock 

13 

Peripheral coldness 

13 

Hemolytic anemia 

4 


KD, Kawasaki disease 


may develop during acute KD, so close attention should be paid to patient vital 
signs, and to preventing sudden increases in circulating blood volume, throughout 
the duration of i.v. treatment. [27, 28] 

Other considerations when using 1VIG are as follows. 

(1) Patients with IgA deficiency: allergic reactions may occur in response to IVIG 
in patients with anti-IgA antibodies. 

(2) Patients with renal damage: risk of further impainnent of renal function. 

(3) Patients with cerebral or cardiovascular damage or a history of these condi- 
tions: blood viscosity may increase when high-dose IVIG is given rapidly, thus 
leading to thromboembolic events such as cerebral or myocardial infarction. 

(4) Patients at risk for thromboembolism: rapid use of high-dose IVIG could 
increase blood viscosity and lead to thromboembolic events. 

(5) Patients with hemolytic anemia, blood loss anemia, immune deficiencies, or 
immunosuppressive disorders: the possibility of human parvovirus B19 infec- 
tion cannot be completely excluded. If such infection occurs, severe systemic 
effects such as fever and sudden or persistent anemia may result. 

(6) Patients with reduced cardiac function: high-dose IVIG may lead to cardiac 
dysfunction or could worsen existing heart failure. 

A post-marketing survey of IVIG for KD noted that among 7259 patients who 
received IVIG treatment, 484 had a total of 697 adverse events (9.6 %) and only 
68 patients experienced 78 severe adverse events (1.1 %; Table 5). [29] 


Evidence levels 

First-line IVIG treatment: class la, grade A. 

Additional IVIG treatment in IVIG-resistant patients: class III, grade B. 
Combined therapy with IVIG and steroid as first-line treatment for suspected 
IVIG-resistant patients: class lb, grade B. 
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Methylprednisolone pulse 

Purpose 

Lv. methylprednisolone pulse is usually given because of its powerful and rapid 
immunosuppressive effect (Table 6). Among available steroids, MP treatment is 
often selected for high-dose i.v. infusion because it is less likely to disrupt electro- 
lyte balance. IVMP is widely used in treating severe pediatric illnesses such as 
rheumatic disease and kidney disease and is also used in treating confirmed and 
suspected IVIG-resistant KD. 


Mechanism of action 

Steroids bind with glucocorticoid receptors in cytoplasm and regulate nuclear 
expression of proteins such as NF-kB, which produces an anti-inflammatory effect 
referred to as genomic action. [30] When high-dose MP is given i.v., however, the 
saturation point of these glucocorticoid receptors is greatly exceeded; thus, mech- 
anisms other than genomic action are thought to contribute to its efficacy. Such 
mechanisms may include acting through proteins that dissociate from complexes 
with cytosolic glucocorticoid receptors, membrane-bound glucocorticoid receptors, 
and functional modification of membrane-bound protein after interlocation of the 
cell membrane. These mechanisms precede genomic action. [30, 31] 

When used for KD patients, the effects of IVMP are very rapid, which suggests 
that non-genomic mechanisms stimulate immunocytological activity and suppress 
inflammatory cytokines. In confirmed and suspected IVIG-resistant patients, IVMP 
was reported to limit production of cytokines involved in inflammation and CAL, 
[32] and to reduce transcription at the genetic level. [33] 


Indications 

Patients suspected of being IVIG resistant on the basis of clinical symptoms and 
laboratory findings. 

Patients found to be IVIG resistant after first-line IVIG treatment. 

It should be noted that IVMP treatment for KD is an off-label use. 


Treatment method and dosage 

In patients with kidney disease or connective-tissue disease, the standard dose of 
IVMP is 20-30 mg/kg IVMP, given once a day over a period of 2-3 h, for 1-3 
consecutive days. [31] For KD patients, studies of IVMP in combination with first- 
line IVIG investigated a single dose of 30 mg/kg IVMP. [11, 12, 34] Studies of 
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second-line IVIG treatment in IVIG-resistant patients investigated the same IVMP 
dose given once a day, for 1-3 days. [32, 33, 35-39] Because the half-life of IVMP is 
only 3 h,[31] some studies used additional therapy with PSL started at 1-2 mg/kg 
per day and gradually tapered over a period of 1-3 weeks. [38, 39] 


Effectiveness 

First-line therapy with IVIG plus IVMP for all KD patients has not been proven to 
prevent CAL. [40] There is, however, no evidence that IVMP increases CAL 
incidence. In a double-blind randomized controlled trial comparing IVIG plus 
IVMP with IVIG plus placebo, no significant differences were found in factors 
such as duration of fever, incidence of additional treatment, incidence of CAL, and 
coronary artery diameter, as indicated by Z score. [34] A post-hoc analysis of 
patients requiring additional treatment, however, found that the incidence of CAL 
was significantly lower among those who had received IVIG plus IVMP, which 
suggests that the combined regimen had been effective among IVIG-resistant 
patients. Studies have also reported that suspected IVIG-resistant patients 
(as determined by Egami score or Sano score) who received first-line IVIG plus 
IVMP had earlier defervescence and a significantly lower rate of CAL than did 
those who had received IVIG alone. [11, 12] 

For patients resistant to initial IVIG, some studies compared IVMP as a second- 
line treatment to additional treatment with IVIG and found that duration of fever 
was shorter after IVMP but that CAL incidence was similar. [32, 36-40] The 
researchers, however, highlighted the fact that IVMP therapy was less expensive 
than retreatment of IVIG. [36, 37] Nevertheless, the finding of equal efficacy for 
IVIG and IVMP has not been shown in non-inferiority trials and requires confir- 
mation. One study reported that IVIG-resistant patients who did not respond to 
additional IVIG had a lower rate of CAL after subsequent IVMP followed by PSL 
treatment. [39] 


Side-effects 

The reported side-effects of IVMP treatment for KD patients include sinus brady- 
cardia (6-82 %), hypertension (10-91 %), hyperglycemia (6-55 %), and hypother- 
mia (6-9 %).[39, 41 ] Therefore, patient vital signs must be very carefully monitored 
during IVMP, including monitoring of electrocardiogram and blood pressure. 

To avoid development of gastrointestinal ulcer, patients can be given H2 
blockers and/or other antacid agents. Additional heparin can also be given as 
thrombosis prophylaxis. [38, 39] Nevertheless, the necessity of these medications 
has not been proven. 
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Evidence levels 

Initial IVIG plus IVMP for all KD patients: class lb, grade C. 

Initial IVIG plus IVMP for suspected IVIG-resistant patients: class lb, grade B. 
Second-line IVMP use for IVIG-resistant patients: class lib, grade B. 


Prednisolone 

Purpose 

The primary purpose of PSL therapy is to take advantage of its powerful anti- 
inflammatory effects (Table 6). PSL may quickly resolve KD vasculitis and sup- 
press the potential risk for remodeling of coronary arteries. 


Mechanism of action 

Prednisolone is the most widely used synthetic corticosteroid hormone, and its 
glucocorticoid action is stronger than that of cortisol. Through cytoplasmic steroid 
receptors, PSL inhibits gene transcription of inflammatory cytokines and promotes 
gene transcription of anti-inflammatory cytokines. [30] PSL also suppresses inflam- 
mation by inhibiting production of inflammatory cytokines (e.g. tumor necrosis 
factor-a [TNF-a], interleukin [IL]-6, IL-8), chemokines, and cell adhesion mole- 
cules. In addition, PSL stimulates production of anti-inflammatory proteins such as 
lipocortin, IL-1 receptor antagonists, [5-2 adrenergic receptors, and IkB kinase. 


Indications 

Patients suspected of being IVIG resistant, based on evaluation of clinical symp- 
toms and laboratory findings. 

Patients found to be IVIG resistant after first-line IVIG treatment. 

PSL treatment for KD is an off-label use. 


Treatment method and dosage 

When used in combination with initial IVIG, 2 mg/kg per day of PSL is given i.v. in 
three divided doses. [13] After defervescence and improvement in the patient’s 
general condition, PSL can be given orally. After CRP normalizes, the patient is 
continued for 5 days on the same dosage in three divided doses of 2 mg/kg per day. 
Thereafter, if fever does not recur, the dosage of PSL is decreased to 1 mg/kg per 
day in two divided doses on the subsequent 5 days and then a single dose of 0.5 mg/ 
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kg per day on the final 5 days. If fever recurs after dose reduction, additional 
treatment should be considered, including an increase in PSL dose, IVIG 
retreatment, or other treatments. The most common periods for relapse are 4-5 
days after the start of PSL and after the dose reduction from 2 mg/kg to 1 mg/kg. 

For patients resistant to initial IVIG, the regimen for second-line PSL should, in 
principle, involve the same dosages and timings as specified for first-line PSL 
therapy. 


Effectiveness 

Although corticosteroids are the treatment of choice for other forms of vasculitis, 
their use has been limited in KD. In 1975, a case-control study showed that fatal 
cases were more frequently treated with PSL as compared with matched non-fatal 
cases. [42] In addition, a retrospective study found that PSL had a detrimental effect 
when used as initial therapy. [14] Finally, a prospective randomized controlled trial 
of three groups (receiving either aspirin, flurbiprofen, or PSL plus dipyridamole) 
did not confirm the efficacy of PSL. These results led to PSL being contraindicated 
for KD in the 1980s. [43] A retrospective study, however, in the 1990s of a PSL plus 
aspirin regimen found this combination to be useful in preventing CAL and 
shortening duration of fever, [44] which led to a reconsideration of PSL therapy. 
In 2006, a prospective randomized controlled trial comparing initial IVIG plus PSL 
to initial IVIG alone reported a significantly lower incidence of CAL in the IVIG 
plus PSL group. [45] A subsequent retrospective study suggested that risk stratifi- 
cation of initial treatment might be possible using the Kobayashi score; [8, 46] 
therefore, a randomized controlled trial to assess immunoglobulin plus steroid 
efficacy for KD (RAISE study) was carried out. The RAISE Study showed that 
among patients with a Kobayashi score >5, initial treatment with IVIG plus PSL 
significantly decreased the incidence of CAL and rate of resistance to initial 
treatment. [13] Although its external validity remains unproven, initial therapy 
with IVIG plus PSL for patients at high risk of IVIG resistance could become the 
standard therapy for severe KD. 

Reports have also shown the effectiveness of PSL as a second-line therapy for 
IVIG-resistant patients. [47] One study however, reported that PSL therapy might 
induce CAL formation in IVIG-resistant patients, given that more days have 
elapsed since the onset of illness. [48] No randomized controlled trials have 
assessed PSL therapy for IVIG-resistant patients; thus, the efficacy of PSL for 
this subgroup is unknown. 


Side-effects 

According to the product labeling, PSL may lead to side-effects such as shock 
(0.08 %), infection (2.54 %), Legg-Calve-Perthes disease (0.36 %), gastrointestinal 
perforation (0.02%), gastrointestinal hemorrhage (0.80%), gastrointestinal ulcer 
(0.02 %), diabetes (3.95 %), posterior subcapsular cataract (0.09 %), pancreatitis 
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(0.03 %), congestive heart failure (0.02 %), and impaired hepatic function (1.21 %), 
as well as circulatory collapse, arrhythmia, secondary adrenocortical insufficiency, 
osteoporosis, myopathy, thrombosis, increased intracranial pressure, seizure, 
abnormal mental function, glaucoma, central serous chorioretinopathy, esophagitis, 
and jaundice (incidences unknown). 

Prednisolone is contraindicated for patients with (i) infections for which there is 
no effective antimicrobial agent, such as systemic mycoses; (ii) severe infections 
accompanied by reduced renal function or chronic renal failure; or (iii) a history of 
acute myocardial infarction. 


Evidence levels 

Initial IVIG plus PSL for suspected IVIG-resistant patients: class lb, grade B. 
Second-line treatment for IVIG-resistant patients: class lib, grade C. 


Biologies ( infliximab ) 

Purpose 

The serum concentration of TNF-a is elevated in KD patients, and several reports 
have shown a significant association between KD severity and incidence of CAA. 
IFX suppresses inflammation by blocking the action of TNF-a (Table 6). 


Mechanism of action 

Infliximab was originally developed in mice as a mouse antibody with human 
TNF-a. IFX is a chimeric monoclonal antibody and is produced by bonding 
25 % V-region - a specific antibody derived from mice - with 75 % C-region of 
the human immunoglobulin G1 K-chain. Because each IFX molecule contains 25 % 
mouse protein, anti-chimeric antibodies (neutralizing antibodies) develop in 
approximately 40 % of patients; thus, among patients undergoing repeated use, its 
efficacy decreases and allergic reactions might occur. Production of neutralizing 
antibodies is inhibited in patients with rheumatoid arthritis (RA) who receive IFX in 
combination with MTX. IFX binds specifically to TNF-a, not to TNF-p. The 
mechanisms of action are believed to be as follows: (i) neutralize soluble TNF-a 
and block binding of TNF-a to TNF receptors (p55 and p75); (ii) bind membrane- 
associated TNF-a expressed on the surface of TNF-a-producing cells, inducing 
apoptosis through complement-dependent cytotoxicity and antibody-dependent 
cellular cytotoxicity and inhibiting production of TNF-a; and (iii) dissociate 
TNF-a bound to receptors. As a result of these mechanisms, IFX suppresses 
activation of inflammatory cells and production of inflammatory cytokines such 
as IL-1 and IL-6. 
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Indications 

IVIG-resistant patients. 

The use of IFX for treating KD is off-label. 


Treatment method and dosage 

In Japan, IFX is presently approved for use in adults with (i) RA; (ii) inflammatory 
bowel disease (IBD; Crohn’s disease, ulcerative colitis); (iii) intractable uveitis 
accompanying Behcet disease; (iv) pruritus; and (v) ankylosing spondylitis (AS). In 
Europe and the USA, it has also been approved for use in treating Crohn’s disease in 
children aged >6 years. [49] 

Children treated with IFX usually receive one dose of 5 mg/kg. In patients with 
Crohn’s disease, however, there are reports of other dosages such as 3 mg/kg or 
6 mg/kg. For adults with RA, 3-10 mg/kg IFX is given i.v. once every 8 weeks. IFX 
has a half-life of approximately 9.5 days and is usually given by i.v. drip infusion 
mixed in 200-500 mL of saline, over a period of at least 2 h. Unlike RA, KD is an 
acute disease, and MTX and steroids are not usually given as they would be for 
RA. A single-dose IFX regimen is recommended because KD is an acute disease, 
unlike RA, and MTX or steroids are not usually concomitantly used. Studies in the 
USA have not established a lower age limit for IFX use, but there is no assurance of 
complete safety when IFX is given to newborns and infants. 


Effectiveness 

The first experience of the effectiveness of IFX for treating KD was reported in 
2004 by Weiss et al., who used it with positive results to treat a 3-year-old patient 
who had not responded to treatment with IVIG and IVMP at the 45th day of illness. 
[50] Later, several reports confirmed the effectiveness of IFX in suppressing 
inflammation among patients resistant to both IVIG and IVMP. These reports 
suggested that IFX is safe and effective within a relatively short time. [5 1-61] IFX 
lowered serum levels of inflammatory markers such as IL-6, CRP, and soluble 
TNF-a receptor l.[52, 62] By 2009, a total of 39 cases (patient age range, 1 month- 
13 years; CAA development, 22 of 39) of IFX use in treating KD that did not 
respond to IVIG and/or IVMP had been reported. [58] In the USA, IFX was used in 
approximately 1 % of the 4811 IVIG-resistant cases, and its use had increased from 
0 % in 2001 to 2.3 % by 2006. [63] In a recent review of additional treatment for 
IVIG-resistant patients, either additional IVIG, 3 days of IVMP, or IFX was 
recommended. [64] The effectiveness of anti-TNF-a antibody in reducing vasculitis 
severity was demonstrated in an animal model of KD vasculitis. [65] 

In Japan, 6 years have passed since IFX was first used as an off-label treatment 
for a patient who failed to respond to IVIG. [52] The Japanese Society of Kawasaki 
Disease surveyed the use of IFX during 2006-201 1 and found a total of 192 patients 
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treated with IFX during that period. It was effective in around 80 % of cases but was 
unsuccessful in reducing fever in 10-15 % of cases. Experimental studies have not 
reported any severe side-effects; thus, IFX appears to be relatively safe for use in 
most patients. In general, the incidence of CAA is lower when IFX is used before 
the 10th day after onset. 


Side-effects 

After IFX had been approved for RA, it was given to >5000 adult patients with RA 
in Japan. Adverse events were reported in 28 % of these patients within 6 months of 
first use; 6.2 % of these were severe adverse events, including bacterial pneumonia 
(2.2%, 108 patients), Pneumocystis pneumonia (0.4%, 22 patients), sepsis (0.2%, 
10 patients), tuberculosis (0.3 %, 14 patients), and severe infusion reaction (0.5 %, 
24 patients; Table 7). [66-76] As for patients with juvenile idiopathic arthritis (JIA), 
there is a report that adverse events were more frequent at lower doses (3 mg/kg) 
than at higher doses (6 mg/kg). [69] There are limited data, however, on the safety of 
IFX in children. Therefore, the indication of IFX for KD should be determined only 
after carefully assessing the risk-benefit balance on a case-by-case basis. 


Table 7 Severe adverse effects and contraindications of anti-TNF-a treatment for children 66-76 


Severe adverse effects 

Overresponse at treatment site 
Infusion reaction 
Varicella infection 
Latent infections (tuberculosis etc.) 

Neurological demyelination diseases (multiple sclerosis etc.) 
Neuropsychiatric side-effects 
Fatigue, headache, vertigo, depression, anxiety 
Pain amplification syndrome 
Malignant tumors 
Immunogenicity 
Contraindications 

Complete contraindications 
Active infections 

Recurrent infections and history of chronic infections 
Existing untreated tuberculosis Multiple sclerosis, optic neuritis 
Combined use with anakinra (anti-IL-1 receptor antagonist) 

Active or recent (previous 10 years) malignant tumor (except skin tumors) 
Relative contraindications 
Pregnancy, breastfeeding 
HIV, HBV, or HCV infection 
IL, interleukin 
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Infusion-associated reaction 

Because IFX is a chimeric monoclonal antibody, it might induce anaphylactic 
reactions. For this reason, patients receiving IFX should be carefully observed for 
symptoms such as fever, rash, pruritus, and headache, along with regular monitor- 
ing of vital signs. The patient should also be carefully monitored for other side- 
effects, such as respiratory distress, bronchial spasms, angioedema, cyanosis, 
hypoxia, and urticaria.[70] 

Premedication with acetaminophen and/or antihistamines is considered ineffec- 
tive for preventing anaphylactic symptoms. [70] As for long-term IFX treatment, in 
a study of 163 patients with JIA (68 receiving IFX and 95 receiving etanercept; 
mean age, 17 years; mean treatment period, 22.9 months), there were 71 adverse 
events, and 62.9 % of the events occurred in patients treated with IFX. In contrast, 
another report found IFX to be safe and well-tolerated, with few side-effects. [73] 
Among patients with JIA who had been receiving IFX for 1 year, the incidence of 
infusion reaction was 3.3 % among those who had been receiving a dose of 3 mg/kg 
and 7 % among those receiving 6 mg/kg. [74, 75] In addition, neutralizing human 
antichimeric antibodies (HACA) were found in many patients who developed an 
infusion-associated reaction. HACA was also found in 7.1-12.1% of pediatric 
patients with Crohn’s disease. [76] 

Delayed hypersensitivity symptoms were seen >3 days after repeated use of IFX 
(24 h-3 weeks after treatment), including myalgia, rash, fever, fatigue, arthralgia, 
pruritus, edema of the hands and face, dysphagia, urticaria, pharyngeal pain, and 
headache. Table 7 lists the points of concern when giving IFX to pediatric patients. 
For these reasons, additional use of IFX in patients with acute KD is not 
recommended. 


Exacerbation of heart failure 

Infliximab worsened symptoms of heart failure in adults with New York Heart 
Association (NYHA) class III or IV disease and left ventricular ejection fraction 
<50%. Even among NYHA class II patients, IFX should be used with caution 
because serum brain natriuretic peptide is elevated in acute KD, which suggests 
asymptomatic cardiac impairment, including subclinical myocarditis, cardiac 
hypofunction, pericardial effusion, and atrioventricular valvular regurgitation. [70] 


Exacerbation of infectious diseases 

The possibility of worsening of infectious disease is especially important for infants 
who have not yet been vaccinated against BCG. QuantiFERON (QFT-TB Gold; 
Japan BCG Laboratory, Tokyo, Japan) testing is not affected by BCG vaccination 
or mycobacterial infection, but a false-positive result may occur if a patient has a 
history of past infection. Although pediatric patients sometimes show false- 
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negative results, QuantiFERON testing may nevertheless be useful. It is essential to 
conduct a careful diagnostic interview, including questions on infections in family 
members and the patient’s BCG vaccination status. Findings from chest radiogra- 
phy or computed tomography, if required, are also important. 

As for live vaccines other than BCG, such as the rotavirus vaccine, use of IFX 
should be postponed if the patient has had such a vaccination <2 months previously 
or has had vaccines for measles-rubella, mumps, or chickenpox <1 month previ- 
ously. IFX is contraindicated if any active infection is present. 

Unfortunately, evidence is limited regarding the interval necessary between 
inoculation with a live vaccine and IFX treatment. Some specialists suggest an 
interval of 2-3 months to ensure patient safety. 


Development of malignant tumors 

When etanercept was used to treat 1200 patients with JIA, five patients developed 
malignancies, including Hodgkin lymphoma, non-Hodgkin lymphoma, thyroid 
carcinoma, yolk-sac cancer, and cervical dysplasia of the uterus. All these patients, 
however, had also been treated with other immunosuppressants, and two had 
received adalimumab and IFX as well. Before IFX is given, the possible side- 
effects should be carefully explained to the patient and/or family, and written 
informed consent should be obtained. [71] The US Food and Drug Administration 
reported that 48 patients developed malignant carcinomas (of which half were 
lymphomas) after receiving anti-TNF-a agents, and 1 1 patients died. Among the 
patients, IFX was given to 31, etanercept to 15, and adalimumab to two patients; 
88 % of the patients developing malignant carcinomas had also received other 
immunosuppressants (e.g. azathioprine and MTX).[72] The present data do not 
show a conclusive association between IFX and malignant disease. 


Carriers of hepatitis B and C 

Among adult patients with rheumatic diseases, asymptomatic carriers of HBV or 
chronic hepatitis may experience reactivation of HBV or de novo hepatitis. [77, 78] 
Thus, testing for HBs antigens and HBs and HBc antibodies is necessary before IFX 
treatment. Because HBV carrier status and presence of chronic viral hepatitis are 
associated with higher risk of activation of these viruses and exacerbation of 
existing hepatitis, IFX use in such patients should be avoided, as recommended 
by the Japan College of Rheumatology. [78] 

Screening for HCV infection should be done before IFX treatment. IFX is also 
contraindicated for patients with active hepatitis C. Patients who are positive for 
HCV but do not have active hepatitis should be carefully monitored if IFX is used. 
Although the safety of IFX for hepatitis C patients has not been confirmed, there are 
no reports in Japan or other countries of IFX worsening hepatitis C. Nevertheless, 
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consultation with a pediatric liver specialist is recommended before beginning IFX 
treatment. 


Other 

Infliximab is contraindicated in patients with demyelination disorders or allergy to 
IFX. For patients with KD, severe complications due to IFX are likely to be 
uncommon because IFX is mostly given as one dose and because KD patients 
usually have no other chronic active infectious disease. Many children, however, 
become susceptible to acute infectious disease at early infancy thus, IFX should be 
used only after careful examination for active infections such as pneumonia, otitis 
media, and urinary tract infections. In addition, long-term follow up of possible 
side-effects is required. 


Evidence levels 

When used for IVIG-resistant patients: class lib, grade C. 


Ulinastatin 

Purpose 

The principal action of UTI is to reduce inflammatory vascular lesions caused by 
proteolysis, edema, necrosis, and hemorrhage (Table 6). [79] 


Mechanism of action 

Ulinastatin is a human urinary trypsin inhibitor, purified from human urine. UTI is a 
polyvalent enzyme inhibitor - a serine protease inhibitor - with a molecular weight 
of 67 000 kDa and blocks various protein-degrading pancreatic enzymes, including 
trypsin. UTI is produced by many organs, including liver, kidney, pancreas, lungs, 
heart, adrenals, stomach, large intestine, brain, and testes. 


Suppression of TNF-a 

Ulinastatin suppresses production and secretion of inflammatory cytokines, for 
example TNF-a, IL-6, and IL-8 from neutrophils or TNF-a from monocytes. 
[80] It also inhibits expression of intercellular adhesion molecule- 1 on the surface 
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of vascular endothelial cells activated by TNF-a, thereby playing a protective role 
with regard to endothelial cells. 


Blocking of neutrophil elastase 

Ulinastatin has a dual action, first blocking elastase release, especially from neu- 
trophils and platelets, and then deactivating elastase as it is released. UTI removes 
oxygen radicals and reduces the activity of cytokines and cell adhesion factors. By 
stabilizing lysosome membranes, UTI suppresses the release of various protein- 
degrading enzymes. Finally, it also blocks the release of inflammatory cytokines of 
myocardial inhibitory factor containing TNF-a and hypercoagulopathy.[81] 


Indications 

IVIG-resistant patients. 

Initial treatment in combination with IVIG. 
Its use in KD treatment is off-label. 


Treatment method and dosage 

Although optimal dosage has not been determined for pediatric patients, several 
reports show that a dose of 5000 U/kg given 3-6 times/day, not exceeding 
50 000 units/dose, is suitable for KD patients. UTI has a half-life of only 40 min 
when given i.v. at 300000 U/10 mL. UTI is officially approved to treat two 
conditions: (i) acute pancreatitis in the earlier phase (adult dosage, 25 000 — 
50000 units i.v. 1-3 times/day with dose tapering thereafter); and (ii) acute circu- 
latory collapse (adult dosage, 100000 units i.v. 1-3 times/day). 


Effectiveness 

Ulinastatin has been reported to inhibit mRNA transcription of prostaglandin H2 
and thromboxane A2 in polynuclear leukocytes. [82] It also prevented neutrophil- 
induced damage to endothelial cells. [83] The first use of UTI was reported in 1993, 
after which several case studies were reported. These reports appeared to support 
the effectiveness and safety of UTI treatment under certain conditions, such as 
(i) when given as a single dose to patients with clinically mild disease; (ii) when it 
allowed a reduction in IVIG dose in the context of combination therapy; and (iii) 
when IVIG was ineffective due to non-response or resistance to IVIG.[84, 85] 
Although these studies enrolled only a small number of patients, and there have 
been no well-designed clinical studies of UTI, it has been recognized and used as an 
additional option for treating IVIG-resistant patients. [86] Recent retrospective 
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cohort studies showed that as a first-line treatment UTI in combination with IVIG 
plus aspirin was less likely to require second-line treatment and had a lower risk of 
CAA among patients at high risk for IVIG resistance, as defined by Kobayashi 
score. [87] 


Side-effects 

The most important side-effect of UTI is anaphylactic shock. UTI should be used 
carefully if the patient has a history of drug allergies or allergic reactions to 
products containing gelatin or a past history of UTI use. Other side-effects include 
liver dysfunction (0.5%), leukopenia (0.2%), rash, pruritus (0.1%), diarrhea 
(0.1 %), angialgia (0.1 %), increased AST and/or ALT, eosinophilia, and vascular 
pain at the injection site. Also, if UTI is given along the same route as IVIG and the 
medications are thus mixed, the drug will become white and turbid. To avoid this, a 
different i.v. route can be selected. Alternatively, IVIG may be paused and the 
i.v. route can be flushed with saline before and after UTI infusion, after which IVIG 
infusion can continue. 


Evidence level 

First-line treatment with IVIG plus UTI: class Ha, grade B. 
IVIG-resistant patients: class lib, grade C. 


Immunosuppressants 

Cyclosporin A 

Purpose 

In 2008, Onouchi et al. reported a susceptibility gene of KD: inositol 1,4,5- 
trisphosphate 3-kinase C (ITPKC), composed of inositol triphosphate (Table 6). 
[88] ITPKC suppresses T-cell activity through the calcineurin/nuclear factor of 
activated T-cells (calcineurin/NFAT) cascade. Patients with suppressed ITPKC 
function may produce more cytokines, such as IL-2. For this reason, ITPKC was 
thought to be a critical gene contributing to IVIG resistance and development of 
CAA. CsA is used to block calcineurin function and suppress cytokine production. 

Several studies evaluated the efficacy of CsA in IVIG-resistant patients. [89-91] 
Accumulating evidence of its effectiveness spurred multicenter observational stud- 
ies in Japan and other countries, and the results of these studies indicate that CsA is 
safe and well-tolerated. [90, 91] 
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Mechanism of action 

Cyclosporin A binds and inhibits calcineurin, which has a major role in signal 
transduction that results in increased T-cell activity. By dephosphorylating NFAT, 
the transcription factor for IL-2 genes, the nuclear import of NFAT is blocked, and 
production of cytokines such as IL-2 is inhibited. [92] 


Indications 

IVIG-resistant patients. 

Its use in treating KD is off-label. 


Treatment method and dosage 

Usually, 4 mg/kg per day of Neoral® (Novartis Pharmaceuticals UK, Surrey, UK) 
is given orally in two divided doses before meals. [90] The required dose is drawn 
into a 1 mL syringe and can be given to infants. Outside Japan, some researchers 
believe that the absorption of CsA is reduced during acute KD. Thus, they start 
patients on i.v. 3-5 mg/kg per day. After resolution of fever, 10 mg/kg per day of 
Neoral is given orally in two divided doses of 5 mg/kg. [91] In principle, before the 
fifth dose on the third day, the trough level of CsA should be monitored to confirm 
that it is within the therapeutic range (60-200 ng/mL). If it is not within the 
therapeutic range and fever remains, the dose may be increased by 5-8 mg/kg per 
day. [90] There is no established duration of treatment, but CsA is usually given 
until CRP again normalizes, or for a period of 10-14 days. This period may be 
extended if the dose is tapered. [91] Therapeutic doses of aspirin 30-50 mg/kg per 
day should be given in combination with CsA until defervescence is confirmed. 


Effectiveness 

Cyclosporin A has not been evaluated in prospective randomized trials, but obser- 
vational studies of its use as a third-line treatment in IVIG-resistant patients showed 
that fever was reduced within 72 h in most patients receiving CsA, and CRP 
returned to normal. [90, 91] Additional IVIG, however, was occasionally required 
for cases in which CsA was ineffective. [90] It should be noted that there are no 
reports of its use in infants younger than 4 months. [90, 91] 


Side-effects 

There have been no reports of severe side-effects in treating KD. In approximately 
40 % of patients, asymptomatic hyperkalemia was observed in serum samples 3-7 
days after treatment. Because plasma samples did not show evidence of 
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hyperkalemia, these may have been cases of pseudohyperkalemia. [90] There have 
also been reports of hypomagnesemia, [91] but no reports have noted arrhythmias 
due to electrolyte imbalances. Other side-effects reported in patients receiving 
long-term CsA include hirsutism and hypertension in a few patients. 


Evidence level 

Class III, grade C. 


Methotrexate 

Purpose 

In 2008, Lee et al. reported that MTX reduced fever and suppressed inflammation in 
IVIG-resistant patients. [93] 


Mechanism of action 

Methotrexate (4-amino-N10-methylpteroyl glutamic acid) is a folic acid antagonist. 
Pharmacologically, MTX (i) inhibits synthesis of purine bodies; (ii) increases 
adenosine release; (iii) inhibits production of inflammatory cytokines; 
(iv) suppresses lymphoproliferation; and (v) suppresses migration and adhering of 
neutrophils; and (vi) suppresses serum immunoglobulin. The mechanism by which 
low-dose MTX suppresses inflammation, however, has not been confirmed. 


Indications 

IVIG-resistant patients. 

Use of MTX in treating KD is off-label. 

Treatment method and dosage 

Dosage: 10 mg/m2, given orally once a week. Do not provide folic acid 
supplements. MTX is given until defervescence. In the report by Lee et al. describ- 
ing the use of MTX, the median total dosage was 20 mg/m2 (range, 10-50) given in 
two divided doses. [93] 


Effectiveness 

Although there have been no prospective randomized trials of MTX, in a case series 
describing 17 IVIG-resistant patients who received MTX, fever recurred 7 days 
after the start of MTX in three patients and 14 days after the start of MTX in one 
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patient. Fever resolved, however, in all four of these patients after they received 
their second or third dose of MTX. Finally, there was no fever recurrence after 
MTX was discontinued. 


Side-effects 

The side-effects of MTX at standard doses include gastrointestinal disturbances, 
hair loss, and myelosuppression, but these side-effects were not seen at low doses. 
[93] In general, side-effects could include shock or anaphylaxis, myelosuppression, 
infection, hepatic dysfunction, and acute renal failure. 


Evidence levels 
Class III, Grade C. 


Plasma exchange 

Purpose 

Plasma exchange directly removes cytokines and chemokines from blood and 
induces quick recovery from cytokine storm (Table 6). 


Mechanism of action 

Cytokine storm is thought to be a major contributor to KD pathology. PE might 
reduce this inflammatory reaction by removing soluble cytokines, even in IVIG- 
resistant patients. After PE, the serum level of cytokines and chemokines, espe- 
cially IL-6 and soluble TNF receptor, is markedly reduced. 


Indications 

IVIG-resistant patients. 


Treatment method and dosage 

The replacement solution is 5 % albumin, and the total volume to be exchanged is 
approximately 1-1.5-fold the circulating plasma volume (mL), calculated as fol- 
lows: [bodyweight (kg)/13 x (l-Hct/100) x 1000] (Hct, hematocrit [%]). 
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Treatment is via the femoral vein, subclavian vein, or internal or external jugular 
veins, using a 6-7 Fr pediatric dialysis double-lumen catheter. During treatment, 
heparin 15-30 U/kg, first as a bolus i.v. infusion and 15-30 U/kg per h thereafter, 
may also be given for its anticoagulant effect, with the activated clotting time 
adjusted to 180-250 s. It is also necessary to keep the patient sedated. 


Effectiveness 

There have been no prospective randomized trials of PE for treatment of pediatric 
diseases, including KD. Two retrospective studies assessed the effectiveness of PE. 
[94, 95] One compared PE with IVIG given to 20 patients within 15 days of KD 
onset. [96] Although the findings were not statistically significant, no patients 
developed CAL, and there were no adverse effects. 

In studies of the safety and efficacy of PE, multivariate analysis comparing PE 
with additional IVIG yielded an odds ratio of 0.052 and showed a significant 
reduction in CAL incidence among PE patients. [97, 98] Among PE-resistant 
patients, some already had CAL. Thus, to ensure optimal outcome PE should 
probably be started before development of CAL. [99] 


Side-effects 

In general, the side-effects of PE include hypotension, hypovolemia, and shock. In 
addition, the replacement solution (in the case of fresh frozen plasma) might induce 
urticaria, allergic reactions, anaphylactic reactions, and hypocalcemia, as well as 
fever, chills, shivering, nausea, vomiting, and coagulopathies. [100] 

Because the volume of extracorporeal circulation will exceed circulating blood 
volume in pediatric patients, it may be necessary to reduce the volume to lower the 
risk of hypotension. 


Evidence level 
Class III, grade C. 


www.ketabpezeshki.com 


66485457-66963820 


146 


B.T. Saji and T. Kobayashi 


Antiplatelets/anticoagulants 

Aspirin 

Purpose 

Because the mechanism of action of aspirin differs by dosage, medium-high doses 
are usually given to treat KD in the febrile phase, due to decreased absorption and 
hypoalbuminemia, to obtain the expected anti-inflammatory benefits (Tables 6, 8). 
Low doses, however, are usually given to inhibit platelet aggregation after the 
febrile phase, when the risk of CAA is much lower. 


Mechanism of action 

Aspirin irreversibly inhibits platelet aggregation to block synthesis of thromboxane 
A2 by cyclooxygenase- 1 activity. It also exerts an anti-inflammatory effect by 
blocking synthesis of prostaglandin E2 from arachidonic acid during prostaglandin 
synthesis. 


Indications 

Approved for all patients. 


Treatment method and dosage 

Aspirin is given orally. In the USA, high-dose aspirin 80-100 mg/kg per day is 
usually given in combination with IVIG as an initial treatment.fi 01 ] In Japan, a 
moderate dose of 30-50 mg/kg per day is usually given in three divided doses per 
day, together with IVIG. Thereafter, 48-72 h after defervescence, dosage can be 
reduced to one dose of 3-5 mg/kg per day. Even among patients without CAA, 
aspirin is typically continued for 6-8 weeks after onset of symptoms. 


Effectiveness 

Two meta-analyses in the late 1990s showed that CAA incidence was not associ- 
ated with aspirin dose, although it was associated with IVIG dose and IVIG 
effectiveness.! 102, 103] 
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Table 8 Antiplatelet, anticoagulant, and thrombolytic drugs 


Name of 
medication 
(trade name) 

Mechanism of 
action 

Dose and method 
of treatment 

Side-effects (%) 

Important 

considerations 

Flurbiprofen 

Anti-inflamma- 
tory effect by 
inhibiting 
cyclooxygenase 

3-5 mg/kg, in 

3 divided doses 

Gastric discom- 
fort (1.56 %), 
loss of appetite 
(1.03%), rash 
(0.24 %), rare 
cases of 
thrombopenia 
etc. 


Dipyridamole 

Inhibits 

phosphodiesterase 

2-5 mg/kg, in 

3 divided doses 

Headache 
(0.91—4.37 %), 
palpitations 
(0.43-0.56 %); 
severe side- 
effects: worsen- 
ing of angina 
symptoms 
(<0. 1 %), ten- 
dency to bleed 
(incidence 
unknown) etc. 


Ticlopidine 

Suppresses 
antiplatelet coag- 
ulation; reinforces 
activity of platelet 
adenylate cyclase 

2-5 mg/kg, in 

3 divided doses 

TTP, agranulo- 
cytosis, severe 
liver damage 
(incidence 
unknown) etc. 

Indications for 

treatment 

should be care- 
fully examined. 

Blood tests 
required every 

2 weeks during 
initial 

treatment. 

Unfractionated 

heparin 

Displays antico- 
agulant activity 
by binding 

AT-III, a factor in 
physiological 
inhibition of 
coagulation fac- 
tors II, VII, IX, X, 
XI, XII 

Start patient on 
slow i.v. 50 
units/kg (dura- 
tion of treatment: 
>10 min), then 
continuous 
i.v. infusion with 
20-25 units/kg/h 

Hemorrhage is 
the principal 
side-effect (inci- 
dence unknown) 

APTT should be 
controlled 
within 60-85 s 
(1.5-2.5X that 
of controls) 

HIT (incidence 
unknown), 
impaired 
hepatic function 
(0.1 to <5 %), 

rash (incidence 
unknown), hair 
loss/vitiligo 
(incidence 
unknown) etc. 


(continued) 
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Table 8 (continued) 


Name of 
medication 
(trade name) 

Mechanism of 
action 

Dose and method 
of treatment 

Side-effects (%) 

Important 

considerations 

LMWH 

Displays antico- 
agulant effect 
through AT-III 
indirectly 

Infants 
<12 months 

Lower incidence 
of hemorrhage 
than 

unfractionated 

heparin 

APTT should be 
controlled 
within 60-85 s 
(1.5-2.5X that 
of controls) 

Treatment: 

300 units/kg/day 
in 2 divided 
doses (every 

12 h) 

Prevention: 

150 units/kg/ 
day in 2 divided 
doses (every 

12 h) 

Children/ 

adolescents 

Treatment: 

200 units/kg/ 
day in 2 divided 
doses (every 

12 h) 

Prevention: 

100 units/kg/ 
day in 2 divided 
doses (every 

12 h) 

Subcutaneous 

injection 

Subcutaneous 
bleeding 
(3.8 %), HIT 
(0.4 %), head- 
ache/vertigo 
(1 to <10%), 
constipation/ 
diarrhea (1 to 
<10 %), abnor- 
mal hepatic 
functioning 
(1 to <10%) 
etc. 

Warfarin 

Achieves antico- 
agulant effect by 
inhibiting biosyn- 
thesis of vitamin 
K-dependent 
coagulation fac- 
tors II, VII, IX, 
and X 

0.05-0.12 mg/kg, 
in a single dose 
Orally 

Hemorrhage 
(incidence 
unknown), aller- 
gic reactions 
(incidence 
unknown), 
impaired hepatic 
function/jaun- 
dice (incidence 
unknown) etc. 

PT-INR should 
be adjusted to 

1. 6-2.5 and 
thrombotest to 
10-25 % 

Because warfa- 
rin is passed 
through the pla- 
centa, it is 
contraindicated 
for pregnant 
women in their 
first trimester 


(continued) 
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Table 8 (continued) 


Name of 
medication 
(trade name) 

Mechanism of 
action 

Dose and method 
of treatment 

Side-effects (%) 

Important 

considerations 

Urokinase 

Degrades fibrin 
and encourages 
activation of 
plasmin 

Systemic treat- 
ment 10 000-16 
000 units kg 
(maximum 

960 000 units), 
given in an 
i.v. drip over 
30-60 min 

Hemorrhagic 
cerebral infarc- 
tion (0. 1 to 
<0.5 %), cere- 
bral hemorrhage 
(<0.1 %), gas" 
trointestinal 
hemorrhage 
«0.1%), 
impaired liver 
function 
(<0. 1 %), rash 

Additive effect 
with heparin, 
warfarin, aspi- 
rin, 

dipyridamole, 
ticlopidine 
hydrochloride, 
and other t-PA 
medications, 
leading to 
increased risk of 
hemorrhage 



Intracoronary 

thrombolysis 

4000 units/kg 
over 10 min, 
maximum 

4 times 

and other aller- 
gic reactions 
(<0.1%) etc. 

When given 
with aprotinin 
medications, 
urokinase may 
have weakened 
capacity for 
fibrinolysis 

Alteplase 

Degrades fibrin 
and enhances 
activation of 
plasmin 

290 000^135 

000 units/kg; 
first administer 
10% of total 
volume of medi- 
cation i.v. for 

1-2 min, and the 
remaining vol- 
ume by i.v. drip 
over 60 min 

Tendency to 
bleed, including 
cerebral hemor- 
rhage (0.4 %), 
gastrointestinal 
hemorrhage 
(0.6 %), pulmo- 
nary hemorrhage 
(0.08 %). 

After reperfu- 
sion, arrhyth- 
mias such as 
premature ven- 
tricular contrac- 
tion, ventricular 
tachycardia, and 
ventricular 
fibrillation 
(incidence 
unknown), 
shock/anaphy- 
lactic symptoms 
(0. 1 %), abnor- 
mal hepatic 
function (0. 1 to 
<0.5 %) etc. 

Increased risk of 
hemorrhage 
when given with 
other thrombo- 
lytics, anticoag- 
ulants, 
antiplatelet 
medications etc. 


(continued) 
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Table 8 (continued) 


Name of 
medication 
(trade name) 

Mechanism of 
action 

Dose and method 
of treatment 

Side-effects (%) 

Important 

considerations 

Monteplase 

Its half-life, affin- 
ity for fibrin, and 
plasminogen acti- 
vator activity are 
greater than those 
of alteplase 

27 500 units/kg, 
i.v. over 2-3 min 

Cerebral and 
gastrointestinal 
hemorrhage (0.1 
to <5 %), ten- 
dency to bleed 
including pul- 
monary hemor- 
rhage (incidence 
unknown), car- 
diac rupture/per- 
foration of 
intraventricular 
septum (0.1 to 
<5 %). After 
reperfusion, 
arrhythmias such 
as premature 
ventricular con- 
traction, ventric- 
ular tachycardia, 
and ventricular 
fibrillation (inci- 
dence unknown), 
shock/anaphy- 
lactic symptoms 
(0.1 %), abnor- 
mal hepatic 
function (0. 1 to 
<0.5 %) etc. 

Same as above 

Pamiteplase 

Same as above 

65 000 units/kg, 
i.v. over 1 min 

Severe bleeding, 
including cere- 
bral hemorrhage, 
retroperitoneal 
hemorrhage, 
gastrointestinal 
hemorrhage etc. 
(0.1 to <5 %), 
cardiac rupture/ 
cardiac 

tamponade (0.1 
to <5 %), ven- 
tricular tachycar- 
dia/ventricular 
fibrillation (0.1 
to <5 %), shock 
«0.1%). 

Same as above 


APTT, activated partial thromboplastin time; AT-III, anti-thiombin III; HIT, heparin-induced 
thrombocytopenia; IVIG, i.v. immunoglobulin; LMWH, low-molecular-weight heparin; 
PT-INR, prothrombin time international normalized ratio; TTP, thrombotic thrombocytopenic 
purpura 
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Side-effects 

High-dose aspirin is associated with hemorrhage, asthma attacks, impaired liver 
function, and gastrointestinal ulcers (incidence rates unknown). Other side-effects 
include hematemesis, urticarial, rash (incidence rates unknown), loss of appetite 
(0.1 to <5 %), and renal impairment (<0.1 %). Hepatic dysfunction is common, so 
routine testing of liver enzymes is necessary. If abnormalities are found, it is 
necessary to reduce the dose or temporarily cease treatment. In children with 
chickenpox or influenza, it is important to be aware of the possible development 
of Reye syndrome. Current evidence does not indicate an increased risk of Reye 
syndrome among children receiving long-term low-dose aspirin after acute KD, but 
these patients should receive influenza vaccinations to ensure safety. 


Evidence level 

Initial therapy with IVIG plus aspirin: class la, grade A. 


Other antiplatelet medications 

Flurbiprofen (Froben®) 

A total of 3-5 mg/kg per day, in three divided doses. 

Flurbiprofen is sometimes given instead of aspirin for patients with severely 
impaired hepatic function, but there is insufficient evidence of its effectiveness. 
Furthermore, in patients with hepatic dysfunction related to onset of acute KD, such 
dysfunction often resolves after IVIG treatment. 

Side-effects include epigastric discomfort (1.56%), loss of appetite (1.03%), 
rash (0.24 %), and, rarely, thrombopenia. 


Dipyridamole (Persantin® tablets, Anginal®) 

A total of 2-5 mg/kg per day, in three divided doses. 

Dipyridamole is sometimes given in combination with aspirin for patients with 
CAA. Its adverse events include headache (0.91-4.37 %) and tachycardia 
(0.43-0.56 %); more severe side-effects include worsening of angina symptoms 
(<0.1 %) and hemorrhage (incidence unknown). 


Ticlopidine (Panaldine®) 

A total of 2-5 mg/kg, in three divided doses. 
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Ticlopidine is sometimes used to treat patients with CAA. The incidence of side- 
effects is unknown, but reported adverse events include thrombotic thrombocyto- 
penic purpura and agranulocytosis, and severe liver damage may develop up to 
2 months after treatment and is sometimes fatal. Therefore, indications should be 
carefully examined before use. During treatment, patients should undergo blood 
testing at least every 2 weeks. 


Clopidogrel (Plavix®) 

A total of 1.0 mg/kg per day, as a single dose (for patients aged 0-24 months, 
0.2 mg/kg per day). 

Clopidogrel is sometimes used in treating patients with CAA. The mechanism of 
action is similar to that of ticlopidine, although the incidence of liver damage is 
lower for clopidogrel. Sufficient antiplatelet action is achieved at a dose of only 
0.2 mg/kg per day in patients aged 0-24 months. [104] Unfortunately, there are no 
data for patients aged >25 months; some centers use a dose of 1.0 mg/kg per day for 
these patients. 

Use of the antiplatelet medications flurbiprofen, dipyridamole, ticlopidine and 
clopidogrel for treating KD is off-label. 


Other cardiovascular agents 

Anticoagulants 

The coagulation/fibrinolytic systems are activated during the acute phase of 
KD. Therefore, patients with CAA require some form of anticoagulant to counter- 
act this, although patients without CAL usually do not require anticoagulant 
treatment in the convalescent phase. Warfarin is widely used as an oral anticoag- 
ulant but, among patients requiring urgent treatment, i.v. unfractionated heparin 
(UFH) later switched to warfarin is the treatment of choice. 


Warfarin 

Warfarin prevents formation of intra-aneurysmal thrombi caused by increased 
activity in the coagulation/fibrinolytic system. 


Mechanism of action 

Warfarin blocks synthesis of vitamin K-dependent blood coagulation factors II, 
VII, IX, and X in liver. 
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Recent comprehensive genetic studies of the warfarin metabolic enzyme found 
that stable dosing of warfarin is related to genetic polymorphisms, including 
30 different alleles, such as CYP2C9. Of these, the genotypes of CYP2C9*2 and 
*3 seem to be most affected by warfarin. CYP2C9*3, a poor metabolizer genotype, 
is prevalent among Japanese people; thus, warfarin dosage may need to be reduced 
in Japanese patients. [105] 


Indications 

Patients with medium-giant CAA. 

Patients with a history of acute myocardial infarction. 
Patients with a history of thrombogenesis in a CAA. 


Treatment method and dosage 

To achieve stable dosing, the patient can be started on 0.05-0.12 mg/kg per day o. 
d., which is increased to the optimal dosage in 4-5 days. Prothrombin time (PT) and 
the international normalized ratio (PT-INR) screens for coagulant factors II, V, VII, 
and X are useful for estimating the optimal dose of warfarin. In patients with KD, 
warfarin dosage should be adjusted so that the PT-INR is 1.6-2. 5 (Thrombotest 
values: 10-25 %). [106] In addition, the American Heart Association (AHA) KD 
Guidelines recommend a dose of 0.05-0.34 mg/kg warfarin, which is then adjusted 
to maintain PT-INR between 2.0 and 2. 5. [101] 


Usefulness 

There have been no large-scale studies of the efficacy of warfarin. In CAA, and 
particularly in giant CAA, thrombi frequently form because of reduced shear stress, 
due to impaired vascular endothelial function and increased platelet count and 
aggregation.! 107] In such cases, oral warfarin treatment is sometimes impossible 
because the patient’s general status is unfavorable. These patients may require 
continuous infusion of UFH. After the anticoagulant effect induced by UFH has 
been confirmed, patients can be switched to oral warfarin. Natto (Japanese 
fermented soybeans), chlorella, and green and yellow vegetables contain significant 
amounts of vitamin K and may decrease the effectiveness of warfarin, as may 
commercial infant formula fortified with vitamin K. Breast-fed infants require 
special attention because of overdosing. Other medications may also influence the 
effectiveness of warfarin. Trimethoprim-sulfamethoxazole combinations, acet- 
aminophen, antimicrobials such as erythromycin, antifungals such as fluconazole, 
anabolic steroids, amiodarone, and statins enhance the effect of warfarin. In con- 
trast, the effects of warfarin may be reduced in patients taking phenobarbital, 
carbamazepine, or rifampicin. 
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Side-effects 

The major side-effect of warfarin is hemorrhage. Epistaxis and gingival hemor- 
rhage are common. The patient should also be carefully monitored for intracranial 
and intraperitoneal hemorrhage. Warfarin, which passes through placenta, is 
contraindicated for use in pregnant women due to the possibility of embryopathies 
such as dysostosis/dyschondroplasia, central nervous system disorders, and micro- 
cephaly. The incidence of embryopathies is reported to be around 5 %, and the risk 
is even lower at a dose of <5 mg/day.[108] 


Evidence level 

Class lib, grade C. 


Unfractionated heparin 

Unfractionated heparin is obtained from the intestinal mucosa, liver, and lungs of 
healthy animals. It achieves its anticoagulant effect by binding to anti-thrombin III 
(AT-III), a physiological inhibitor of many clotting factors (II, VII, IX, X, XI, XII). 
The effective half-life of UFH is 1-2 h. An initial dose of 50 U/kg should be given 
i.v. over a period of 10 min or longer, which may be followed by a dose of 20-25 U/ 
kg per h, to maintain an activated partial thromboplastin time (APTT) of 60-85 s 
(1.5-2.5-fold the APTT in controls). Infants may need proportionately larger doses 
than older children or adults. 

There is insufficient evidence of the effectiveness of UFH when given to patients 
with acute KD. For patients with CAA at very high risk of thrombus formation, 
however, UFH should first be given as a continuous i.v. infusion, after which it may 
be switched to oral warfarin after the anticoagulant effect induced by UFH has been 
confirmed. The most significant side-effect is hemorrhage; other side-effects 
include heparin-induced thrombocytopenia (HIT), hepatic dysfunction, rash, diar- 
rhea, and hair loss. Long-term UFH may cause osteoporosis. 


Evidence level 
Class III, grade C. 


Low-molecular-weight heparin 

Low-molecular-weight heparin (LMWH) achieves its anticoagulant effect along 
the same pathway as UFH. As compared with UFH, its inhibition of thrombin is 
weaker. In addition, the incidences of side-effects such as HIT and osteoporosis are 
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lower. Enoxaparin, an LMWH, was found to be safe and effective for coronary 
intervention/thrombolytic therapy in adult patients with acute coronary syndrome. 
[109] 


Evidence level 
Class III, grade C. 


Thrombolytics 

Purpose 

Patients with large CAA have a higher risk of acute coronary syndrome. Most 
KD-related acute myocardial infarctions occur within 2 years of KD onset, and 
most of these events result from the formation of new thrombi. 

Thrombolytic therapy is indicated when a thrombus is detected in a CAA or 
when thrombotic occlusion and myocardial infarction develop. In adults with acute 
myocardial infarction, the treatment of choice is almost always percutaneous 
coronary intervention. At present, thrombolytics have an important role in clinical 
practice, and earlier treatment is associated with better results. American College of 
Cardiology/AHA guidelines state that it is best to start the patient on thrombolytic 
therapy within 12 h of thrombotic events. [110] 


Mechanism of action 

Thrombolytics are proteins belonging to the plasminogen activators (PA), enzymes 
that stimulate the activity of the fibrinolytic system. Activation of the fibrinolytic 
system is started by conversion of plasminogen to plasmin. Increased plasmin 
enzyme activity leads to catabolization of fibrin (a component of thrombi) and 
thrombolysis. Plasmin also catabolizes fibrinogen (the precursor of fibrin), which 
can induce hemorrhaging. The thrombolytics are classed as follows. 

(1) First-generation thrombolytic: urokinase. 

(2) Second-generation thrombolytics: tisokinase and its genetically modified ana- 
log alteplase are tissue plasminogen activators (tPA). They have a stronger 
affinity than first-generation thrombolytics for fibrin (a component of thrombi) 
and an enhanced thrombolytic effect. This category also includes nasaruplase, 
the precursor of the fibrinolytic agent urokinase. 

(3) Third-generation thrombolytic: the further refined tPA monteplase has a longer 
half-life and even greater affinity for fibrin and results in greater plasminogen 
activation. 
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Thrombolytics are currently given systemically or for intracoronary thromboly- 
sis (ICT). The research committee recommends systemic treatment with thrombo- 
lytics, which may be followed by ICT if necessary. 


Indications 

Patients with acute myocardial infarction or intra- aneurysm thrombi. 
Patients with sudden enlargement of thrombi in a coronary artery. 
Their use in KD patients is off-label. 


Treatment method and dosage 

The safety of thrombolytics has not been established in pediatric patients. Further- 
more, because there is insufficient clinical evidence to recommend suitable stan- 
dards, dosages, and treatment methods for pediatric patients, the following 
reference values for adult patients are included. 


Urokinase 

Covered by the Japanese health insurance system when given to adults as throm- 
bolytic therapy for coronary thrombosis in cases of acute myocardial infarction. 
Although urokinase is the only thrombolytic also covered for use in ICT cases, 
however, it is almost never used in such cases. 

Systemic i.v. treatment: 10000-16 000 units/kg urokinase; upper limit, 96 000 
units i.v. over a period of 30-60 min. 

ICT: 4000 units/kg urokinase, injected over a period of 10 min. Maximum of 
four doses. 


Alteplase (Activacin®, Grtpa®) 

Systemic i.v. treatment: 290000-435 000 units/kg, 10% of which should be first 
given i.v. over a period of 1-2 min, after which the remaining dose may be given by 
i.v. infusion over a 60 min period. 


Monteplase (Cleactor®) 

Systemic i.v. treatment: 27 500 units/kg, i.v. over 2-3 min. 
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Effectiveness 

Evidence of effectiveness is insufficient because no large-scale study has evaluated 
thrombolytic therapy in KD patients. Theoretically, as in adult patients, thrombo- 
lytic therapy should be used as an acute-phase therapy when required, to hasten 
reperfusion. [1 1 1-1 13] After systemic use of thrombolytics, recanalization occurs in 
70-80% of patients. When ICT is added, these rates improve by approximately 
10%. [106] 


Side-effects 

When reperfusion is achieved in cases of acute myocardial infarction, reported side- 
effects include arrhythmias such as paroxysmal ventricular contraction, ventricular 
tachycardia, and ventricular fibrillation, and even cardiac rupture. There is a 
tendency toward bleeding, including hemorrhage from the catheter insertion 
point, hematuria, and gingival hemorrhage. Digestive symptoms such as nausea 
and vomiting have also been reported. Furthennore, gelatin is used as a stabilizer in 
the formulation of urokinase; therefore, shock or anaphylactic symptoms may occur 
(including during tPA treatment). Before using these drugs, the patient’s history 
should be carefully investigated, and his/her progress carefully monitored after 
treatment has begun. 

When anticoagulants such as heparin and warfarin are given in combination with 
antiplatelets such as aspirin, dipyridamole, ticlopidine hydrochloride, or other tPA 
medications, an additive effect may increase bleeding tendency. Thus, in cases of 
combined use, coagulation tests (clotting time, PT) should be performed regularly 
and all clinical data carefully monitored. Conversely, co-treatment with aprotinin 
and urokinase could inhibit the fibrinolytic capacity of the latter. 


Evidence level 

Class lib, grade C. 


Anti-anginals and coronary vasodilators 

Angina symptoms are extremely rare during the acute phase of KD, and patients 
with such symptoms are typically aged 1-2 years and thus cannot easily explain 
their symptoms to caregivers. In adult patients, the characteristics of angina symp- 
toms may allow classification of angina as stable or unstable. 

The principal therapeutic goal for angina is to reduce heart rate (thereby reduc- 
ing cardiac workload), decrease preload and afterload, and increase coronary artery 
flow. For these reasons, beta-blockers, calcium antagonists and nitrovasodilators 
may be useful. 
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(1) Beta-blockers are the first choice for stable effort angina. To avoid side-effects 
in other body organs, beta-blockers that selectively block p-1 are 
recommended. As well as reducing myocardial workload and suppressing 
oxygen consumption, beta-blockers increase coronary blood flow accompany- 
ing bradydiastole, thereby preventing development of myocardial ischemia. 
Although atenolol, bisoprolol, and metoprolol have all been found to be 
effective, [1 14] beta-blockers may worsen prognosis in patients with coronary 
vasospasm, because upregulated a-receptor function may induce exacerbation 
of coronary tonus and symptoms of coronary spastic angina.[l 15] Carvedilol is 
a non-selective beta-blocker that also blocks a- 1 , and it increases coronary flow 
by lowering peripheral resistance in coronary arteries. [1 16] 

(2) Calcium antagonists suppress the flow of Ca2+ into vascular smooth muscle 
cells. They are therefore extremely useful in preventing coronary vasospasm 
and are the first choice in treating coronary spastic angina.[117] KD-related 
myocardial infarction often occurs during sleep and may be induced by coro- 
nary spasms.[118] The ability of calcium antagonists to protect cardiovascular 
function seems to be due to stimulation of NO production. Because diltiazem 
blocks the L-type Ca2+ channel in cardiac myocytes, however, it is 
contraindicated for use in newborns up to early infancy. 

(3) Nitrates exert their effect by dilating coronary arteries and reducing preload. 
Nitrates increase coronary blood flow and reduce both preload and afterload, 
which reduces the workload of the left ventricle, thereby relieving myocardial 
ischemia. Acute KD, however, is characterized by persistent damage to endo- 
thelial cells. Therefore, nitrates may not be effective in dilating impaired 
coronary arteries. A sublingual tablet of nitroglycerine or an oral spray of 
nitroglycerine or isosorbide dinitrate may alleviate angina symptoms. 
Nitrovasodilators are contraindicated in patients with glaucoma, in those taking 
phosphodiesterase inhibitors, and in those with cardiogenic shock, severe 
hypotension, or severe anemia. 

(4) Nicorandil is a hybrid medication (a nitrovasodilator that opens the 
ATP-sensitive potassium channel) and can selectively dilate coronary arteries 
and inhibit coronary vasospasm. [1 19] It is therefore useful in preventing 
angina. Nicorandil also affects mitochondria, resulting in pharmacological 
preconditioning that protects against myocardial ischemia. 


Evidence level 

Class lib, grade C. 


Indication 

The use of the aforementioned medications, both in cases of KD and in pediatric 
patients in general, is off-label. 
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This article is based on a study first reported in Pediatric Cardiology and 

Cardiac Surgery, 2012; 28 (Suppl. 3): 1 — s28.[ 120] 
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Tumor Necrosis Factor-a Blockade 
for Treatment of Acute Kawasaki Disease 


Adriana H. Tremoulet 


Abstract Tumor necrosis factor (TNF)-a has a key role in the development of 
coronary artery aneurysms in acute KD. Blockade of the TNF-a inflammatory 
cascade is thus a logical therapeutic aim. Infliximab, a chimeric monoclonal 
antibody that specifically binds TNF-a, and etanercept, a TNF-a receptor blocker, 
have both been used as rescue therapy for treatment-resistant KD. A prospective 
trial of intensification of primary therapy with infliximab in acute KD demonstrated 
that infliximab was safe and reduced inflammation, days of fever, and left anterior 
descending coronary artery diameter more rapidly than IVIG alone. A trial of 
etanercept as adjunctive therapy in acute KD is currently in progress. 

Keywords Tumor necrosis factor-a • Monoclonal antibody • Infliximab • 
Etanercept 


Introduction 

Levels of TNF-a and TNF-a soluble receptors (sTNFR) I and II are elevated in 
acute KD and are highest in children who subsequently develop coronary artery 
aneurysms [1, 2]. In addition, approximately 10-20% of Kawasaki disease 
(KD) patients develop persistent or recrudescent fever after standard therapy with 
a single infusion of intravenous immunoglobulin (IVIG) and aspirin [3, 4], This 
subset of IVIG-resistant patients is at highest risk for developing coronary artery 
aneurysms and requires additional therapy to interrupt the inflammatory process. 
Given the importance of TNF-a in the formation and maintenance of inflammation 
in KD [5], primary treatment of KD patients, or treatment of highly resistant KD 
patients, with a TNF-a antagonist is a logical therapeutic intervention. 
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Current Understanding 

The two TNF-a inhibitors that have been most widely used in treating children with 
KD are infliximab, a chimeric monoclonal antibody that specifically binds TNF-a, 
and etanercept, a TNF-a receptor blocker. 


Infliximab 

The first reported use of infliximab in acute KD was in 2004 in a 3-year-old boy 
with giant coronary artery aneurysms. He was unresponsive to multiple doses of 
IVIG and methylprednisolone but defervesced and had improvement in laboratory 
measures after a single dose of infliximab (Weiss JE, Gottlieb) [6]. This was soon 
followed by a report of 16 KD patients (age, 0.12-13 years) treated with infliximab 
for treatment-resistant KD or persistent fever and arthritis, 13 of whom responded 
with cessation of fever [7]. Since then infliximab has been used in refractory cases 
of acute KD [8-12]. In 2008 a phase I, randomized, multicenter clinical trial in KD 
children with persistent or recrudescent fever after standard therapy found no 
infusion reactions or serious adverse events attributable to a single infusion of 
5 mg/kg of infliximab [13]. In a subsequent two-center retrospective study of IVIG- 
resistant KD, patients treated with infliximab had faster resolution of fever and 
fewer days of hospitalization than did those treated with a second dose of IVIG 
[9], Given the importance of the expansion of regulatory T cells in controlling 
inflammation during acute KD, the effect of infliximab was evaluated in seven 
patients treated initially with IVIG and infliximab [14]. As compared with those 
treated with IVIG alone, there was no inhibition of the generation of tolerogenic 
myeloid dendritic cells, regulatory T cells, or memory T cells. Most recently, a 
two-center, phase III, randomized, double-blind, placebo-controlled trial of 
infliximab plus IVIG for initial treatment of KD patients was completed 
[15]. Although the addition of infliximab to primary treatment did not reduce 
treatment resistance, infliximab was determined to be safe and well-tolerated and 
reduced fever, markers of inflammation, left anterior descending coronary artery 
Z score, and intravenous immunoglobulin reaction rates (Table 1 and Fig. 1). 


Etanercept 

Two studies demonstrated that etanercept reduced vasculitis in a mouse model of 
arteritis induced by Candida albicans cell wall extract. One group showed that 
etanercept was more effective than IVIG, cyclosporine, or methylprednisolone 
[5, 16]. Etanercept has been used in ill infants with refractory KD and resulted in 
improvement of inflammatory marker and resolution of fever [17, 18], An open- 
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Table 1 Comparison of outcome measures by treatment arm for infliximab randomized trial 



Infliximab 

Placebo 

P value 

Treatment resistance, 

N (%) 

11 (11.2) 

11 (11.3) 

0.81 

IVIG infusion reac- 
tion, N (%) 

0(0) 

13 (13.4) 

<0.0001 

Days of fever, median 
(range) 3 

1 (0-4) 

2 (0-6) 

<0.0001 

Change from baseline 
in absolute neutrophil 
count, xl0 9 /L(CI) 




24 h 

-6.18 (-6.892 to -5.468) 

-5.019 (-5.735 to -4.303) 

0.024 

Week 2 

-6.522 (-6.91 to -6.135) 

-7.053 (-7.444 to -6.661) 

0.06 

Change from baseline 
in CRP, mg/dl (Cl) 




24 h 

-6.6 (-7.7 to -5.4) 

-3.6 (-4.8 to -2.5) 

<0.001 

Week 2 

-10.628 (-11.0 to -10.2) 

-10.38 (-10.7 to -10.1) 

0.37 

Change from baseline 
in ESR, mm/hr (Cl) 




Week 2 

-23 (-27 to -18) 

-14 (-18 to -9) 

0.009 


Abbreviations: Cl confidence interval, CRP C-reactive protein, ESR erythrocyte sedimentation 
rate, IVIG intravenous immunoglobulin 

“Days of fever = number of calendar days from the day of enrollment with any temperature 
>38 °C 



Fig. 1 Change in Z score of the right coronary artery (RCA) and left anterior descending coronary 
artery (LAD) from baseline to 2 and 5 weeks after randomization to receive IVIG plus placebo 
(blue circles) or IVIG plus infliximab (red circles), estimated from a mixed effects model for 
repeated measures. Change in the Z score of LAD from baseline to 2 weeks is significantly 
different between the two study arms 
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label trial of etanercept in 15 children (age, 6 months to 5 years) with KD 
demonstrated that etanercept (0.4-0. 8 mg/kg subcutaneously weekly for 3 doses) 
added to primary treatment of IVIG and aspirin was safe, well-tolerated, and not 
associated with recrudescence of fever [19]. A randomized, placebo-controlled trial 
to assess etanercept (0.8 mg/kg subcutaneously weekly for 3 doses) as adjunctive 
therapy to standard treatment with IVIG is currently in progress. 


Safety of TNF-a Inhibitors 

Despite concerns of immune suppression with blockade of TNF-a, use of infliximab 
and etanercept during acute KD has not raised any major safety concerns. In the 
phase III trial of infliximab 11 infants aged 2-11 months were treated with 
infliximab, and none had any significant adverse events from a single dose of this 
medication. Although there is concern regarding activation of latent tuberculosis 
infection, this has not been observed in any KD patient receiving infliximab as 
adjunctive therapy. In Japan, use of infliximab in infants has been limited due to 
theoretical concerns of disseminated infection after BCG vaccination. 

In summary, there is evidence to support the use of 5 mg/kg of infliximab as 
adjunctive therapy in KD patients with severe inflammation. Recommendations 
regarding the use of etanercept must await the results of the clinical trial currently in 
progress. Future studies could focus on dose-finding, as a higher dose of infliximab 
might benefit patients with severe inflammation, and randomized trials should 
investigate infliximab as the first rescue therapy for patients with IVIG resistance. 
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Methylprednisolone Pulse Therapy 
for Nonresponders to Immunoglobulin 
Therapy 


Masaru Miura 


Abstract Intravenous methylprednisolone pulse (IVMP) therapy is administered 
to children with severe illnesses, such as Kawasaki disease (KD), collagen disease, 
and kidney disease, because of its powerful, rapid, and probably nongenomic 
immunosuppressive action. In a randomized controlled trial, IVMP plus initial 
intravenous immunoglobulin (IVIG) therapy did not decrease the incidence of 
coronary artery lesions (CAL) in KD patients as compared with IVIG plus placebo. 
Predicted nonresponders to IVIG treated with initial IVIG plus IVMP had earlier 
defervescence and lower incidence of CAL than did those treated with IVIG alone. 
Some studies showed that IVMP was effective for fast defervescence and preven- 
tion of CAL in nonresponders to initial or additional IVIG. The adverse effects of 
IVMP for KD patients include sinus bradycardia, hypertension, hyperglycemia, and 
hypothermia, but these effects were usually transient and not serious. Present 
evidence indicates that IVMP should be given as initial therapy for predicted 
IVIG nonresponders and as rescue therapy for confirmed nonresponders to initial 
or additional IVIG. 

Keywords Coronary artery lesions • Nonresponders to immune globulin therapy • 
Intravenous methylprednisolone pulse 


Introduction 

Steroid pulse therapy involves intravenous infusion of high-dose glucocorticoids 
such as methylprednisolone, which is often selected because it is less likely to 
disrupt electrolyte balance. Because of its powerful and rapid immunosuppressive 
effect, intravenous methylprednisolone pulse (IVMP) therapy is widely used to 
treat children with severe or refractory illnesses such as collagen disease and kidney 
disease. IVMP is also used to treat severe or refractory cases of Kawasaki disease, 
especially nonresponders to standard intravenous immunoglobulin (IVIG) therapy. 
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History 

Kijima et al. [1] were the first to report initial treatment with IVMP for KD patients 
in 1982. IVMP then fell out of favor, probably because of the establishment of IVIG 
therapy and criticisms of steroid therapy, which were subsequently disproven. A 
worldwide re-evaluation of IVMP was triggered by a report on the effectiveness of 
IVMP in IVIG nonresponders by Wright et al. [2] in 1996. Subsequent studies of 
IVIG nonresponders during 2001-2009 [3-6] showed that IVMP decreased the 
incidence of coronary artery lesions (CAL) to the same extent as additional IVIG. In 
2007 Newburger et al. [7] conducted a double-blind, randomized, controlled trial 
comparing initial treatment with IVMP plus IVIG to IVIG alone for KD patients 
and did not demonstrate superior efficacy for the IVMP plus IVIG regimen. Thus, 
IVMP is now indicated only for confirmed [3-6] or predicted [8, 9] nonresponders 
to IVIG therapy. 


Current Understanding and Recognition [10-12] 

Among nonresponders to IVIG, studies comparing IVMP as rescue therapy to 
additional IVIG showed that duration of fever was shorter after IVMP and that 
incidence of CAL was similar [3-6]. Nevertheless, equal efficacy has not been 
demonstrated in noninferiority analyses and requires confirmation. The cost of 
IVMP was less than that of additional IVIG in some studies [4, 6] but similar in 
another recent study [13]. In many institutions, IVMP seems to be given to non- 
responders to additional IVIG, in accordance with American Heart Association 
guidelines [11], One study [14] reported that the incidence of CAL was low, 
0.7-1. 9% overall, when nonresponders to additional IVIG were treated with 
IVMP followed by oral prednisolone. 

Initial therapy with IVIG plus IVMP for all KD patients has not been proven to 
prevent CAL. A double-blind, randomized, controlled study [7] found no signifi- 
cant difference between this regimen and conventional primary therapy in duration 
of fever, incidence of additional treatment, incidence of CAL, or coronary artery 
diameters. However, a post-hoc analysis of patients requiring additional treatment 
showed that the incidence of CAL was significantly lower among those receiving 
IVIG plus IVMP. In studies of initial therapy for predicted nonresponders to IVIG 
[8, 9], IVIG plus IVMP significantly decreased the incidence of CAL in comparison 
with IVIG alone. 

The dosage and method of IVMP administration are shown in Table 1. Studies of 
IVMP in combination with initial IVIG investigated the use of a single dose of 
30 mg/kg of IVMP [7-9]. Studies of nonresponders to initial or additional IVIG 
used the same IVMP dose given once a day, for 1-3 days [3-6, 13, 14]. Because the 
half-life of IVMP is only 3 h [15], some studies [3, 14] administered prednisolone 
1-2 mg/kg/day initially and gradually tapered the dose for 1-3 weeks after IVMP. 
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Table 1 Dosage and method of administering intravenous methylprednisolone pulse (IVMP) 
therapy 


Dosage 

30 mg/kg/dose 

Administration 

method 

Drip infusion over 2-3 h, once a day, for 1-3 days 

Combination 

therapy 3 

Oral prednisolone, started at 1-2 mg/kg/day, followed by tapering over 

1-3 weeks after IVMP 


Continuous infusion of heparin, 15-20 units/kg/h 


Anti-ulcer drug such as oral famotidine, 0.5 mg/kg/day 

Adverse effects 

Relatively common: sinus bradycardia, hypertension, hyperglycemia 
hypothermia 


Rare: infections, gastrointestinal ulcers, mental disorders, severe arrhyth- 
mias, femur head necrosis, suppressed adrenal function 


“These therapies are combined with IVMP at some centers [3, 5, 14], but the necessity of such 
combination therapies is unclear 


The reported adverse effects of IVMP for KD patients [3, 14] include sinus 
bradycardia, hypertension, hyperglycemia, and hypothermia; hence, vital signs 
must be carefully monitored during IVMP administration. These symptoms are 
usually transient and do not require treatment. Although anti-ulcer drugs (such as 
Hi blockers) are used to avoid gastrointestinal bleeding, and continuous infusion of 
heparin is used to prevent thrombosis in some institutions [3, 5, 14], the necessity of 
such treatments has not been proven (Table 1). 

Glucocorticoids bind to cytoplasmic receptors and regulate nuclear expression 
of inflammatory proteins, thereby producing a genomic anti-inflammatory effect 
[15]. Because a high dose of IVMP is administered, the saturation point of gluco- 
corticoid receptors is greatly exceeded. Thus, mechanisms other than genomic 
alteration are likely responsible for the observed effects. Possible nongenomic 
effects include action through proteins that dissociate from complexes with cyto- 
solic glucocorticoid receptors, glucocorticoid receptors located on the cell mem- 
brane, and functional modification of membrane-binding protein after penetration 
into the cell membrane. These mechanisms precede genomic effects [15, 16] (Fig. 1 
[17]). When used in KD patients, IVMP acts rapidly, which suggests the presence of 
nongenomic suppression of immune cell and inflammatory cytokine activity. In 
confirmed and predicted nonresponders to IVIG, IVMP limited production of 
cytokines involved in inflammation and CAL [18] and reduced transcription at 
the genetic level [19]. 
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Glucocorticoids 



Fig. 1 Mechanisms of intravenous methylprednisolone pulse therapy (Adapted and reproduced 
with permission from M. Miura [ 17]) 


Assigned Evidence Class and Recommendation [10-12] 

Initial therapy with IVIG plus IVMP should not be given to all KD patients but is 
indicated for patients with clinical symptoms and laboratory findings that indicate 
IVIG nonresponder is likely. Rescue therapy with IVMP is recommended for 
nonresponders to initial or additional IVIG. 


References 


1. Kijima Y, Kamiya T, Suzuki A, Hirose O, Manabe H. A trial procedure to prevent aneurysm 
formation of the coronary arteries by steroid pulse therapy in Kawasaki disease. Jpn Circ 
J. 1982;46(11): 1239-42. http://dx.doi.org/10.1253/jcj.46.1239 PMID:7131714. 

2. Wright DA, Newburger JW, Baker A, Sundel RP. Treatment of immune globulin-resistant 
Kawasaki disease with pulsed doses of corticosteroids. J Pediatr. 1996; 128(1): 146-9. http://dx. 
doi.org/1 0.101 6/S0022-3476(96)70447-X PMID: 855 1 407 . 

3. Furukawa T, Kishiro M, Akimoto K, Nagata S, Shimizu T, Yamashiro Y. Effects of steroid 
pulse therapy on immunoglobulin-resistant Kawasaki disease. Arch Dis Child. 2008;93 
(2): 142-6. http://dx.doi.org/10.1136/adc.2007.126144 PMID: 17962370. 

4. Hashino K, Ishii M, Iemura M, Akagi T, Kato H. Re-treatment for immune globulin-resistant 
Kawasaki disease: a comparative study of additional immune globulin and steroid pulse 
therapy. Pediatr Int. 200 1 ;43(3):2 1 1-7. http://dx.doi.Org/10.1046/j.1442-200x.2001.01373.x. 

5. Miura M, Ohki H, Yoshiba S, Ueda H, Sugaya A, Satoh M, et al. Adverse effects of 
methylprednisolone pulse therapy in refractory Kawasaki disease. Arch Dis Child. 2005;90 
(10): 1096-7. http://dx.doi.org/10.! 136/adc.2004.062299 PMID:16177169. 


www.ketabpezeshki.com 


66485457-66963820 


Methylprednisolone Pulse Therapy for Nonresponders to Immunoglobulin Therapy 


179 


6. Ogata S, Bando Y, Kimura S, Ando H, Nakahata Y, Ogihara Y, et al. The strategy of immune 
globulin resistant Kawasaki disease: a comparative study of additional immune globulin and 
steroid pulse therapy. J Cardiol. 2009;53(l):15-9. http://dx.doi.Org/10.1016/j.jjcc.2008.08.002 
PMID:19167633. 

7. Newburger JW, Sleeper LA, McCrindle BW, Minich LL, Gersony W, Vetter VL, 
et al. Pediatric Heart Network Investigators. Randomized trial of pulsed corticosteroid therapy 
for primary treatment of Kawasaki disease. N Engl J Med. 2007;356(7):663-75. http://dx.doi. 
org/1 0. 1 056/NEJMoa06 1235 PMID: 17301297. 

8. Ogata S, Ogihara Y, Honda T, Kon S, Akiyama K, Ishii M. Corticosteroid pulse combination 
therapy for refractory Kawasaki disease: a randomized trial. Pediatrics. 2012; 129( 1 ):e 1 7—23. 
http://dx.doi.org/10.1542/peds.201 1-0148 PMID:22144699. 

9. Okada K, Hara J, Maki I, Miki K, Matsuzaki K. Matsuoka T, et al. Osaka Kawasaki Disease 
Study Group. Pulse methylprednisolone with gammaglobulin as an initial treatment for acute 
Kawasaki disease. Eur J Pediatr. 2009; 1 68(2): 1 8 1—5. http://dx.doi.org/10.1007/s00431-008- 
0727-9 PMID: 18446365. 

10. Eleftheriou D, Levin M, Shingadia D, Tulloh R, Klein NJ, Brogan PA. Management of 

Kawasaki disease. Arch Dis Child. 2014;99(l):74-83. http://dx.doi.org/10.1136/ 

archdischild-20 12-302841 PMID:24162006. 

11. Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Bums JC, et al. American 

Academy of Pediatrics. Diagnosis, treatment, and long-term management of Kawasaki dis- 
ease: a statement for health professionals from the Committee on Rheumatic Fever, Endocar- 
ditis and Kawasaki Disease, Council on Cardiovascular Disease in the Young, American Heart 
Association. Circulation. 2004;110(17):2747-71. http://dx.doi.org/10.1161/01.cir. 

0000145143.19711.78 PMID:155051 11. 

12. Saji T, Ayusawa M, Miura M, Kobayashi T, Suzuki H, Mori M, et al. Guidelines for medical 
treatment of acute Kawasaki disease: report of the Research Committee of the Japanese 
Society of Pediatric Cardiology and Cardiac Surgery (2012 revised version); Research Com- 
mittee of the Japanese Society of Pediatric Cardiology and Cardiac Surgery, Committee for 
Development of Guidelines for Medical Treatment of Acute Kawasaki Disease. Pediatr Int. 
2014;56:135-58. 

13. Teraguchi M, Ogino H, Yoshimura K, Taniuchi S, Kino M, Okazaki H, et al. Steroid pulse 
therapy for children with intravenous immunoglobulin therapy-resistant Kawasaki disease: a 
prospective study. Pediatr Cardiol. 201 3;34(4):959— 63. http://dx.doi.org/10.1007/s00246-012- 
0589-9 PMID:23184018. 

14. Miura M, Tamame T, Naganuma T, Chinen S, Matsuoka M, Ohki H. Steroid pulse therapy for 
Kawasaki disease unresponsive to additional immunoglobulin therapy. Paediatr Child Health. 
201 1 ; 16(8):479— 84. PMID:23024586. 

15. Stahn C, Buttgereit F. Genomic and nongenomic effects of glucocorticoids. Nat Clin Pract 
Rheumatol. 2008;4(10):525-33. http://dx.doi.org/10.1038/ncprheum0898 PMID: 18762788. 

16. Sinha A, Bagga A. Pulse steroid therapy. Indian J Pediatr. 2008;75(10): 1057-66. http://dx.doi. 
org/10.1 007/s 12098-008-0210-7 PMID: 19023530. 

17. Miura M. Steroid pulse [in Japanese]. J Pediatr Practice. 2011:74:1 189-94. 

18. Miura M, Kohno K, Ohki H, Yoshiba S, Sugaya A, Satoh M. Effects of methylprednisolone 
pulse on cytokine levels in Kawasaki disease patients unresponsive to intravenous immuno- 
globulin. Eur J Pediatr. 2008; 167(10): 1 1 19—23. http://dx.doi.org/10.1007/s00431-007-0642-5 
PMID:18175148. 

19. Ogata S, Ogihara Y, Nomoto K, Akiyama K, Nakahata Y, Sato K, et al. Clinical score and 
transcript abundance patterns identify Kawasaki disease patients who may benefit from 
addition of methylprednisolone. Pediatr Res. 2009;66(5):577-84. http://dx.doi.org/10.1203/ 
PDR.ObO 13e3 1 8 Ibaa3c2 PMID: 1 9680167. 


www.ketabpezeshki.com 


66485457-66963820 


Prednisolone 


Tohru Kobayashi 


Abstract There are no specific therapies for Kawasaki disease patients, because 
the causes of the disease have not been identified. Currently, treatment with 
intravenous immunoglobulin (2 g/kg single infusion) plus aspirin (30 mg/kg/day) 
is considered the standard therapy. However, 20 % of patients do not become 
afebrile despite completion of intravenous immunoglobulin therapy. These intra- 
venous immunoglobulin nonresponders are considered to be at high risk for coro- 
nary artery lesions. Recent clinical trials indicate a combined regimen of 
prednisolone and intravenous immunoglobulin is effective, especially for patients 
at high risk for nonresponse to initial intravenous immunoglobulin treatment. 
Although reproducibility and generalizability have been confirmed, prednisolone 
therapy should be an option for Kawasaki disease patients. 

Keywords Prednisolone • Intravenous immunoglobulin • Risk stratification 


Introduction 

Although prednisolone (PSL) is an important treatment for several forms of vas- 
culitis, such as Takayasu vasculitis and antineutrophil cytoplasmic antibody-asso- 
ciated vasculitis, its use is limited in children with Kawasaki disease (KD). 
However, recent clinical studies indicate that PSL plus intravenous immunoglob- 
ulin (IVIG) is effective in reducing the proportion of patients with initial or rescue 
treatment failure and might prevent coronary artery abnormalities (CAAs). This 
chapter reviews evidence regarding PSL therapy for KD patients. 
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History 

PSL was the initial therapy for KD, long before the first report of IVIG efficacy, by 
Furusho et al., in 1984 [1], In Kawasaki’s original report [2], 22 of 50 KD patients 
(44 %) were treated with combinations of intravenous, intramuscular, and oral 
corticosteroid, including PSL. He concluded that it was “very difficult to evaluate 
the efficacy of this therapeutic modality.” In 1975, a case-control study [3] showed 
that fatal cases were more frequently treated with PSL as compared with matched 
non-fatal cases, although the causal relationship was unproven. In 1979, a retro- 
spective study by Kato et al. [4] reported that PSL as initial therapy might have 
adverse effects on CAA development. In 1983, a prospective randomized con- 
trolled trial [5] of three treatment groups (receiving either aspirin, flurbiprofen, or 
PSL plus dipyridamole) did not confirm the efficacy of PSL. The findings of these 
clinical studies led to contraindication of PSL for KD, in the 1980s. 

In 1999, Shinohara et al. [6] reported that a PSL plus aspirin regimen might be 
useful in preventing CAAs and shortening duration of fever, which led to a 
reconsideration of PSL therapy. In 2006, a prospective randomized controlled 
trial [7] comparing initial IVIG plus PSL to initial IVIG alone reported a signifi- 
cantly lower incidence of CAAs in the IVIG plus PSL group. That study enrolled 
178 patients, who were allocated randomly to either an IVIG group (n = 88) or an 
IVIG + PSL group (n = 90). The incidence of CAAs during the hist month was 
1 1.4 % in the IVIG group and 2.2 % in the IVIG + PSL group (P = 0.017). Similarly, 
the incidence of CAAs at 1 month was 3.4 % in the IVIG group and 0 % in the IVIG 
+ PSL group (P = 0.12). No giant coronary aneurysms (internal diameter >8 mm) 
were observed in the trial. Nonresponse to initial treatment was less frequent in the 
IVIG + PSL group than in the IVIG group (5.6 % vs 18.2 %, P = 0.010). No serious 
adverse events were observed in either treatment group. Although the results were 
highly promising, the randomized trial had several methodologic flaws, including 
lack of adequate statistical power (only half the projected sample number was 
enrolled in the study) and the method of IVIG administration (1 g/kg/day for two 
consecutive days). Therefore, initial treatment with IVIG + PSL did not become a 
standard therapy for KD patients. A subsequent retrospective study [8] suggested 
that risk stratification of initial treatment, using the Kobayashi score [9], might be a 
more promising therapeutic strategy for improving clinical and coronary outcomes. 
Therefore, a new randomized controlled trial was designed in order to confirm the 
efficacy of intensified initial therapy with PSL in KD patients at high risk for IVIG 
nonresponse. 
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Current Understanding and Recognition 

In 2012, the RAISE Study Group conducted a multicenter, prospective, random- 
ized, open-label, blinded-endpoints trial to assess the efficacy of IVIG (2 g/kg for a 
day) and aspirin (30 mg/kg/day) plus intravenous PSL (2 mg/kg/day) for 5 days, 
followed by an oral taper for 2-3 weeks [10]. Table 1 shows the coronary and 
clinical outcomes in the RAISE Study. The incidence of CAAs during the study 
period was significantly lower in the IVIG + PSL group than in the IVIG group (3 % 
vs 23 %, P < 0.001). Similarly, the incidence of CAAs at week 4 after enrollment 
was significantly lower in the IVIG + PSL group than in the IVIG group (3 % vs 
13 %, P = 0.014). Patients in the IVIG + PSL group had more rapid fever resolution 
than did those in the IVIG group (P< 0.001). The incidence of additional rescue 
therapies was lower in the IVIG + PSL group than in the IVIG group (13 % vs 40 %, 
P< 0.001). A recent meta-analysis [11], using different steroid regimens and 
different prediction scores, found that a combination of corticosteroid with the 
standard dose of IVIG as initial treatment reduced the rate of coronary abnormal- 
ities. Thus, addition of corticosteroid therapy to IVIG and aspirin in primary 
therapy for KD lowers the prevalence of CAAs, duration of fever, and inflammation 
among Japanese children with the highest risk for IVIG resistance. However, the 
Japanese scoring systems for IVIG resistance and aneurysms have low sensitivity in 
North American [12] and Chinese populations [13]. Therefore, further research is 
needed in order to develop predictive instruments or scores for reliable identifica- 
tion of high-risk children outside Japan and to test the efficacy of the RAISE steroid 
regimen in non-Japanese populations. It should also be noted that reproducibility of 
the RAISE Study results has not yet been demonstrated, even in Japan. 

As an additional rescue therapy for patients who fail to respond to initial IVIG 
treatment, Kobayashi et al. [14] assessed the efficacy of intravenous PSL (2 mg/kg/ 


Table 1 Coronary and clinical outcomes for two initial treatments 



IVIG + PSL group 

IVIG group 



(n= 121) 

(n= 121) 

P-value 

Coronary artery abnormalities during study 
period 

4/121 (3) 

28/121 (23) 

<0.001 

Coronary artery abnormality at week 4 

4/120 (3) 

15/120 (13) 

0.014 

Maximum Z score, by coronary artery 
(n = 242) 




Proximal right coronary artery 

1.92 (1.28-2.53) 

2.32 (1.58-3.36) 

0.001 

Left main coronary artery 

1.91 (1.48-2.24) 

2.27 (1.83-2.83) 

<0.001 

Proximal left anterior descending artery 

1.98 (1.45-2.50) 

2.26 (1.79-2.91) 

0.001 

Duration of fever after enrollment (days) 

1 (1-1) 

- (1-4) 

<0.001 

Additional therapy required, n (%) 

16/121 (13) 

48/121 (40) 

<0.001 

Nonresponse to primary therapy 

6/121 (5) 

36/121 (30) 

<0.001 

Relapse 

13/121 (11) 

15/121 (12) 

0.84 
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Table 2 Clinical and coronary outcomes for three first-line additional rescue treatments 



IVIG 

PSL 

IVIG 
+ PSL 

P 

value 

(n= 136) 

(n = 72) 

(n= 151) 

Univariate analysis 

Nonresponse to first-line rescue therapy, n (%) 

51 (37.5)* 

23 (31.9)* 

18 (11.9) 

<0.001 

Coronary artery lesion within 1 mo, n (%) 

39 (28.7) f 

22 (30.6) t 

24 (15.9) 

0.010 

Coronary artery lesion at 1 mo, n (%) 

21 (15.4) 

12 (16.7) 

10 (6.6) 

0.023 


Chi-square analysis with post-hoc Holm’s test 

*P< 0.001, IVIG + PSL vs IVIG, PSL; tP<0.05, IVIG + PSL vs IVIG, PSL 


day tapered over 2 weeks after normalization of C-reactive protein) followed by an 
oral taper in a retrospective study of a database of 359 consecutive IVIG-resistant 
patients. Subjects treated with IVIG plus PSL had significantly lower rates of 
persistent or recrudescent fever and CAAs as compared with patients receiving 
IVIG monotherapy (Table 2). Because of the lack of adequately powered, random- 
ized, controlled trials, steroid therapy for nonresponders to initial IVIG remains 
controversial. 


Assigned Evidence Class and Recommendation 

The research committee of the Japanese Society of Pediatric Cardiology and 
Cardiac Surgery revised their guideline for medical treatment of acute KD in 
2012. [14] According to the guideline, evidence for initial IVIG plus PSL for 
suspected IVIG-resistant patients was classified as class lb, grade B (recommended 
based on randomized controlled trials), and additional rescue treatment for non- 
responders to initial IVIG treatment was classified as class lib grade C 
(recommended based on observational trials, but evidence is uncertain). In North 
America and other regions, scoring systems are used to predict IVIG nonresponse. 
Therefore, administration of a longer course of corticosteroids, together with IVIG 
2 g/kg and aspirin, may be considered for treatment of high-risk patients with acute 
KD, when such risk is identified before initiation of treatment. 
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Abstract The 2012 treatment guideline for Kawasaki disease (KD) proposes sev- 
eral second- and third-line therapies for patients unresponsive to intravenous 
immunoglobulin (IVIG). However, there are still no definite treatment recommen- 
dations for refractory KD. In 2005 we used cyclosporin A (CsA) to treat a case of 
refractory KD, and in 2008 it was reported that functional polymorphism of inositol 
1,4,5-trisphosphate 3-kinase-C (ITPKC) is associated with susceptibility to KD and 
the risk of developing coronary arterial lesions. Because ITPKC acts as a negative 
regulator of T-cell activation through the NFAT pathway, activated T cells may be 
important in KD. CsA suppresses the activity of T cells through the same pathway 
and might therefore be a promising candidate for treatment of refractory KD. Here, 
we summarize the results of our clinical trials of CsA for refractory KD and propose 
a new CsA treatment option for KD. 

Keywords Kawasaki disease • IVIG nonresponder • Cyclosporin A • T-cell 
activation 


Introduction 

Although the incidence of coronary arterial lesions (CAL) has been reduced to 
around 3 % by standard therapy with intravenous immunoglobulin (IVIG) and 
aspirin [1], prevalence is high among the 10-20% of KD patients who do not 
respond to IVIG. In 2012 the Scientific Committee of the Japanese Society of 
Pediatric Cardiology and Cardiac Surgery published clinical guidelines for medical 
treatment of acute KD [2]. Several options, including steroid [3], steroid pulse [4], 
ulinastatin [5], infliximab [6], plasma exchange [7], and immunosuppressants, were 
proposed as second- and third-line therapies for patients resistant to IVIG. The goal 
of treatment for KD is total prevention of CAL. Currently, however, there are still 
no definite treatment options for refractory KD. This chapter describes a clinical 
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trial of cyclosporin A (CsA) for refractory KD and proposes a future direction for 
treatment of acute KD using CsA. 


Historical Overview 

The first report of CsA treatment for refractory KD was published by Raman 
et al. [8] in 2001. They demonstrated that potent immunosuppressive treatment 
using a combination of high-dose steroid and CsA might be effective against 
refractory KD. 

In 2005, we treated a case of refractory KD with CsA (Fig. 1). The patient had 
not responded to initial or second treatment with 1VIG (1 g/kg/day). Although she 
responded to intravenous methylprednisolone, her high fever relapsed, and she 
developed CAL and arthritis of the hip joint, with severe pain. We administered 
oral CsA, and the effects were dramatic: the high fever, inflammatory response, and 
severe pain disappeared within 2 days. This experience suggested that CsA might 
be an excellent option for KD patients unresponsive to IVIG. 


Illness day (ID) 
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PLt 17.2 16.9 

Ht 32.9 29.6 

Na 133 132 

Alb 3.5 1.5 

AST 167 27 

ALT 160 20 

Coronary arteries (mm): 

LMT 2.9 2.9 3.1 
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Fig. 1 Clinical course of our initial case. UTI urinary trypsin inhibitor, Methyl-pred. methylpred- 
nisolone, CsA cyclosporin A, CRP C-reactive protein, WBC white blood cell, PLt platelets, Ht 
hematocrit, AST alanine aminotransferase, ALT alanine transamirase, LMT left main coronary 
artery, LAD left anterior descending artery, RCA right coronary artery 
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Current Understanding and Recognition 

Onouchi et al. reported that functional polymorphisms of inositol 1,4,5- 
trisphosphate 3-kinase C (ITPKC) and caspase-3 (CASP3) are associated with 
susceptibility to KD and risk of CAL [9—11]. Because ITPKC and CASP3 act as 
negative regulators of T-cell activation via the Ca 2 /NAIT pathway, CsA — which 
potently suppresses the activity of T cells by the same pathway — may be a 
promising candidate for treatment of acute KD, especially refractory 
KD. Therefore, we carried out a pilot study to evaluate the effectiveness of CsA 
for refractory KD [12], 


Pilot Study [12] 

Patients 

Between January 2008 and June 2010, study subjects were enrolled from among 
329 Japanese patients who met the diagnostic criteria for KD [13]. 


Protocol 

All patients received initial IVIG infusion (2 g/kg for 24 h) and aspirin (30-50 mg/ 
kg/day) within 7 days after the onset of KD (Fig. 2). Patients resistant to initial and 
additional IVIG were treated with oral CsA (Neoral, oral solution, Novartis Pharma 
Co. Ltd., Tokyo, Japan). The initial dose of CsA was 4 mg/kg/day, and patients 
received oral CsA divided into two equal daily doses every 12 h. CsA dose was 
adjusted to between 4 and 8 mg/kg/day to maintain a trough level of 60-200 ng/ml 
by reference to clinical and laboratory data such as body temperature and 
C-reactive protein level. If patients remained febrile more than 5 days after the 
start of CsA treatment, or if fever returned after an afebrile period within 5 days 
after the start of CsA treatment, CsA treatment was judged to be ineffective, and 
patients were then given a third course of IVIG. Patients younger than 4 months 
who were resistant to initial and additional IVIG were given a third course of IVIG. 


Results and Discussion of the Pilot Study 

Of the 329 patients with KD, 245 (74.5 %) became afebrile within 24 h after 
completion of initial IVIG therapy, and 84 (25.5 %) continued to be febrile 
(Fig. 3). The latter 84 patients received additional IVIG, and 54 became afebrile 
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** 


Other therapy 
(3 rd IVIG) 


** 

IC(+) 

— »| Initial IVIG~| — 


Diagnosis 
of KD 



No additional 


* 

therapy 


Aspirin (30-50mg/kg/day, p.o.) <After afebrile, 5mg/kg/day, p.o.> 

■ Initial therapy, 

1 for 48 hours 

Additional therapy, 
for 24 hours 

CsA therapy, for 2-3 weeks 

observation 

Initial IVIG 

2 g/kg (24 hours) 

+ observation (24 hours) 

Additional IVIG 

2 g/kg (24 hours) 

4-8 mg/kg/day 

trough level (60-200 ng/ml) 



Total periods : 4 weeks after initial IVIG therapy 


Fig. 2 Protocol. KD Kawasaki disease, IVIG intravenous immunoglobulin, CsA cyclosporin A, IC 
informed consent. * Responders to each treatment; ** Patients resistant to initial IVIG or CsA; *** 
Patients resistant to additional IVIG. All patients with KD received initial IVIG infusion (2 g/kg) 
and aspirin (30-50 mg/kg/day). Patients resistant to initial IVIG received additional IVIG (2 g/kg). 
In addition, patients at least 4 months of age who were resistant to additional IVIG were treated 
with CsA. Patients younger than 4 months who were resistant to additional IVIG were treated with 
a third course of IVIG 


before completion of the additional IVIG course. The other 30 failed to become 
afebrile, and 28 of them who were older than 4 months were treated with CsA. The 
remaining two patients, who were younger than 4 months, received a third course of 
IVIG (2 g/kg) and subsequently became afebrile (Fig. 3). Although four patients 
developed CAL, coronary arteries were already dilated before CsA treatment in two 
of them. 


Third IVIG as an Effective Option for CsA-Resistant Patients 

In this pilot study, CsA appeared to exert antifebrile and anti-inflammatory effects 
in patients with refractory KD (Fig. 4) [14, 15]. The effect of CsA was particularly 
clear in 18 of the 28 resistant patients, as they became afebrile within 3 days after 
the start of CsA treatment. Although it took 4-5 days for four of the 28 patients to 
become afebrile, their body temperature decreased to a level close to the definition 
of “afebrile” within 2 days after the start of CsA treatment. In contrast, six of the 
28 patients failed to become afebrile within 5 days after the start of CsA and/or high 
fever returned within 5 days after an afebrile period, despite having an adequate 
trough level of CsA. Four of these six patients received a third course of IVIG, after 
which they rapidly became afebrile. These findings suggest that certain subgroups 
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(CAL 2/26: 4mm, 5mm) (CAL 2/2: 6mm, 10mm) (CAL 0/2) 


CAL= 4 / 329 (1.2%) 

Fig. 3 Protocol outcomes. KD Kawasaki disease, IVIG intravenous immunoglobulin, CsA 
cyclosporin A, CAL coronary arterial lesions. Of 329 patients with KD, 245 (74.5 %) became 
afebrile after initial IVIG. A total of 84 patients resistant to initial IVIG received additional IVIG, 
of whom 30 failed to become afebrile within the treatment completion time. Among these 
30 patients, 28 who were at least 4 months old were treated with CsA; the other two patients 
were younger than 4 months and received a third course of IVIG (2 g/kg). * CAL developed in 
these two patients before CsA treatment (during additional IVIG) 

of patients with refractory KD may be resistant to CsA. It may be that CsA 
treatment was started too late or that the suppressive effect of CsA on the 
calcineurin or NFAT pathway was insufficient to control severe vasculitis. Future 
studies might be able to clarify these issues. 


Prevention of CAL Development by CsA 

It is difficult to determine whether CsA inhibits development of CAL. Our pilot 
study was not a randomized controlled trial. Four of the 30 patients resistant to both 
initial and additional IVIG developed CAL. Thus, four (1.2%) of 329 patients 
developed CAL. All four of those patients were resistant to initial and additional 
IVIG treatment and received CsA. However, coronary arterial dilatation occurred 
during additional IVIG (i.e., before CsA treatment) in two of the four patients, and 
CsA did not inhibit progression of CAL in these patients. In the other two patients, 
CAL developed after the start of CsA treatment. 
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Summary of patients treated with CsA 



Fig. 4 Summary of patients treated with CsA. Twenty-two (78.6 %) of the 28 patients became 
afebrile within 5 days after the start of CsA treatment. Although three of these 28 patients 
developed CAL, coronary arterial dilatation occurred during IVIG (before CsA treatment) in 
two* of three patients who developed CAL (6 mm, 10 mm). Six (21.4 %) of the 28 patients failed 
to become afebrile within 5 days after the start of CsA and/or high fever returned within 5 days 
after an afebrile period. Four of these six patients received a third course of IVIG, after which they 
rapidly became afebrile. One** of these six patients developed CAL (5 mm) after the start of CsA 
treatment 


Adverse Events 

Hyperkalemia developed after the start of CsA treatment. Although serum potas- 
sium levels increased after CsA treatment, plasma potassium levels did not 
increase, and serum creatinine and estimated glomerular filtration rate did not 
change significantly. In addition, there were no serious adverse effects such as 
ventricular arrhythmia. These findings suggest that the hyperkalemia was actually 
pseudohyperkalemia, although the precise mechanism remains unclear. As for 
electrolyte disorders, a previous study reported that hypomagnesemia developed 
in two of ten patients [16]. No clinical problems have been reported in relation to 
either pseudohyperkalemia or hypomagnesemia. 


Trough CsA Levels 


We examined the time course of serum trough levels of CsA, which ranged between 
60 and 200 ng/mL and were regarded as optimal. Examination of trough values 
showed that oral administration of CsA was satisfactory for obtaining sufficiently 
high serum concentrations (60-200 ng/mL). Further analyses of trough values in 
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more patients with refractory KD will be needed in order to determine the optimal 
therapeutic levels of CsA. In this study, we did not examine C2 levels of CsA, 
which, as compared with trough level, might better correlate with the area under the 
concentration-time curve from 0 to 4 h (AUCO-4). Future studies should examine 
CO and C2 levels of CsA. 


Route of CsA Administration 


We had no information on whether oral administration or intravenous infusion of 
CsA would be more effective. We selected oral administration because it is easier 
and more tolerable for young children and infants, who need to be treated for 
2-3 weeks. The volume of CsA was small, and the patients were therefore able to 
ingest the medication without major problems. 


Summary and Future Direction 

In summary, CsA treatment is a promising, well tolerated, and safe option for 
patients with refractory KD. Oral administration of CsA offers good treatment 
compliance and has both antifebrile and anti-inflammatory effects in KD patients 
who are resistant to IVIG. In addition, a third course of IVIG is an effective option 
for patients resistant to CsA. To further decrease the incidence of CAL, a new 
strategy that rapidly decreases severe inflammatory responses is needed. In May 
2014 we started a prospective, randomized clinical trial (the KAICA trial) of 
intensified initial treatment comprising IVIG plus CsA in patients predicted to be 
IVIG-resistant based on the Gunma score. Future studies should investigate dosing, 
safety, optimal timing, and duration of CsA treatment. 
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Abstract Previous chapters described initial and rescue treatment for patients with 
Kawasaki disease. Other immunosuppressive agents, such as biological agents, 
methotrexate, cyclophosphamide, and plasma exchange, may also be effective for 
patients with Kawasaki disease. However, most of these agents have not been 
carefully evaluated for their efficacy in suppressing inflammation due to Kawasaki 
disease and preventing formation of coronary artery lesions, and most of the present 
evidence is from case reports or case series. Further research is needed before 
recommendations can be developed for these agents. 

Keywords Methotrexate • Etanercept • Cytotoxic agents • Plasma exchange 


Introduction 

Immunosuppressive agents, such as biological agents, methotrexate, cyclophospha- 
mide, and plasma exchange (PE), are sometimes used to treat patients with Kawa- 
saki disease (KD) who do not respond to intravenous immunoglobulin (IVIG), 
steroids, anti-tumor necrosis factor (TNF) a antibody, cyclosporine, and/or 
ulinastatin. Although no confirmatory trials have been completed, there is consid- 
erable accumulating evidence regarding these immunosuppressive agents and 
PE. This chapter focuses on the potential efficacy and safety of these therapies. 
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Biological Agents 

Infliximab has been used as an adjunctive primary treatment or additional rescue 
treatment for IVIG nonresponders. Etanercept is a soluble TNF receptor that 
functions as a TNF antagonist and has a mechanism believed to be similar to that 
of infliximab. In 2010, Choueiter et al. [1J reported the results of a phase II trial of 
etanercept for intensification of initial therapy. In this prospective, open-label trial, 
15 patients were given subcutaneous etanercept (0.4 mg/kg for four patients and 
0.8 mg/kg for 11 patients) immediately after IVIG infusion; the patients were 
followed-up at 1 and 2 weeks. The pharmacokinetic profile was similar to that 
reported in older children, and there were no adverse reactions related to etanercept. 
None of the patients treated in this study required retreatment, and no patient had an 
increase in coronary artery diameter or cardiac dysfunction. On the basis of 
preliminary data, researchers designed a multicenter, double-blind, randomized, 
placebo-controlled trial of the efficacy of etanercept in addition to IVIG plus aspirin 
as initial therapy to reduce the incidence of initial treatment failure (ClinicalTrials. 
gov identifier NCT00841789). 

Anakinra blocks interleukin- 1 , high levels of which lead to inflammation during 
acute KD. Anakinra has been shown in a KD mouse model to prevent development 
of coronary artery damage [2]. Cohen et al. [3] reported that a boy with severe KD 
was successfully treated with anakinra for 7 days after nonresponse to IVIG and 
intravenous methylprednisolone and for a period of 6 weeks after he developed 
recurrent KD. Currently, a phase I dose escalation trial has been launched in the 
United States to assess the safety of anakinra for KD patients with CAF 
(ClinicalTrials.gov identifier NCT02179853). 

A marked increase in circulating B cells and production of cytotoxic immuno- 
globulins directed against endothelial cells has been documented in patients with 
KD. Thus, B-cell suppression seems to be a potential treatment option. A case 
report described the successful use of rituximab, a chimeric monoclonal antibody 
against the protein CD20, for treatment of highly refractory KD [4]. Rapid clinical, 
biological, and cardiac improvement was observed in the patient. 

These biological agents seems to be well-tolerated and effective for refractory 
KD patients. However, current evidence is insufficient to develop recommendations 
regarding administration. These biological agents should be considered only for the 
most severe cases, i.e., patients resistant to other agents, or for patients who are 
enrolled in a well-designed clinical study. 


Cytotoxic Agents 

Evidence from a case report and a case series of four KD patients from Korea 
suggests that methotrexate might be an effective treatment [5, 6]. A subsequent trial 
by Fee et al. [7] reported the results of low-dose methotrexate (10 mg/m 2 , once 
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weekly until normalization of C-reactive protein levels) treatment for 17 patients 
with refractory KD. Methotrexate resulted in defervescence and improvement in 
inflammatory markers such as C-reactive protein level and erythrocyte sedimenta- 
tion rate. No patient developed recurrent fever after discontinuation of methotrex- 
ate. However, the small sample size of this single-center study yielded insufficient 
statistical power to assess the efficacy and safety of methotrexate. Cyclophospha- 
mide has also been used to treat refractory KD [8], but the evidence remains 
limited. 


Plasma Exchange 

Increases in inflammatory cytokines and chemokines such as interleukin (IL)-l, 
IL-6, IL-8, and TNF-a are thought to be major contributors to KD vasculitis. In 
theory, PE directly removes these cytokines and chemokines from blood and 
ameliorates clinical symptoms and inflammation. 

In 1995, Takagi et al. [9] reported refractory KD patients who were successfully 
treated with PE. Imagawa et al. [10] reported a single-center retrospective trial that 
included 27 refractory KD patients treated with PE over three consecutive days 
after a second course of IVIG. Of the 27 patients treated with PE, 24 did not develop 
CAL during the acute phase, in contrast to the 23 of 48 children who did not 
undergo PE after the second IVIG but developed CAL during the acute phase. 

Later, Hokosaki et al. [11] reported long-term follow-up data from the same 
center, in 2012. A total of 125 KD patients refractory to IVIG were treated with 
PE. The incidences of CAL before PE (i.e., during the acute period) and during the 
late period were examined retrospectively. During the acute period, within 1 month 
of onset, 41 of 125 patients had CAL. One year after onset, six patients developed 
CAL requiring systemic drug treatment (including five with giant aneurysms 
exceeding 8 mm). Fujimaru et al. [12] reported serial changes in 13 cytokines in 
nine children with IVIG-resistant KD before and after PE. Among those cytokines, 
interleukin-6, TNF-a, TNF receptor 1, TNF receptor 2, granulocyte colony- 
stimulating factor, and IL-17 were significantly lower after, as compared with 
before, PE, which reflects the potential central efficacy of PE. 

The Research Committee of the Japanese Society of Pediatric Cardiology and 
Cardiovascular Surgery published a guideline for medical treatment of acute KD, in 
2012 [13], which specified the method to be used for PE. In that guideline, the 
replacement solution is 5 % albumin, and the total volume to be exchanged is 
approximately 1- to 1. 5-fold the circulating plasma volume (mL), calculated as 
follows: [bodyweight (kg)/13 x (1-Hematocrit (%)/100) x 1000]. Treatment is via 
the femoral vein, subclavian vein, or internal or external jugular veins, using a 6- or 
7-Fr pediatric dialysis double-lumen catheter. During treatment, heparin 15-30 U/ 
kg, first as a bolus intravenous infusion and 15-30 U/kg/h thereafter, may also be 
given for its anticoagulant effect, with the activated clotting time adjusted to 
180-250 s. It is also necessary to keep the patient sedated. In general, the side 
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effects of PE include hypotension, hypovolemia, and shock. Because the volume of 
extracorporeal circulation will exceed circulating blood volume in pediatric 
patients, it may be necessary to reduce the volume to lower the risk of hypotension. 
Because of its potential risks, PE should be reserved for KD patients in whom 
reasonable medical therapies have failed to improve clinical symptoms and labo- 
ratory findings. PE is not the first choice for patients with refractory KD. 
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Antiplatelet and Antithrombotic Therapy 
for Giant Coronary Aneurysm 


Kenji Suda 


Abstract After treatment of acute Kawasaki disease, 0.2-0. 3 % of patients have 
giant coronary aneurysms (>8 mm in diameter). These aneurysms are less likely to 
regress and may result in stenosis leading to coronary thrombosis and myocardial 
infarction. Although there has been no randomized controlled trial of treatments to 
prevent thrombosis of giant coronary aneurysms, several case-control studies have 
compared warfarin plus aspirin with antiplatelet medications given without warfa- 
rin. In addition, a recent meta-analysis confirmed the efficacy of warfarin plus 
aspirin in decreasing the incidence of coronary artery occlusion, myocardial infarc- 
tion, and cardiac death. Anticoagulant therapy must be carefully monitored because 
warfarin can cause serious hemorrhagic complications. The efficacy of new drug 
regimens, including double antiplatelet treatment and factor Xa inhibitors, should 
be investigated. 

Keywords Aspirin • Warfarin • Myocardial infarction 


Introduction 

Coronary artery aneurysms are classified on the basis of internal diameter as small, 
medium, and giant (>8 mm) [1], In recent years, the proportion of patients with 
Kawasaki disease (KD) who have coronary artery dilation or aneurysms after 
treatment for acute disease has decreased to 3 % [2], However, 0.2-0. 3 % of 
patients have giant coronary aneurysms (GA) at 1 month after KD onset. GA are 
less likely to regress and may persist or develop into stenosis. Hence, patients with 
GA have the highest risk of cardiac events, such as acute myocardial infarction, and 
death [3, 4], 
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Historical Overview 

The first Japanese nationwide survey of KD, in 1970, showed that 1.7 % of patients 
with KD died from acute myocardial infarction, and the four autopsies conducted 
showed thrombotic occlusion of coronary aneurysms. A report describing multiple 
coronary artery aneurysms in 12 of 20 patients with KD was the first recognition of 
KD as a systemic vasculitis syndrome [3]. Follow-up of these patients for a period 
of 10-21 years showed that about half of the aneurysms regressed within 2 years 
after onset, whereas obstructive lesion developed gradually with time [4]. In par- 
ticular, GA were less likely to regress and had a high probability of developing into 
ischemic heart disease and myocardial infarction [4-6], In an analysis of 
195 patients with myocardial infarction in a nationwide survey of KD, 22% died 
at the first attack, and 57 % of survivors of the first and subsequent attacks had 
cardiac dysfunction [7]. 


Current Understanding and Recognition 

Studies using the Doppler flow guidewire and pressure monitoring wire showed that 
average peak velocity index and shear stress index significantly decreased as 
aneurysm size increased [8, 9], Decreased shear stress and stagnant flow increase 
platelet aggregation and coagulation activity but reduce fibrinolysis, thus leading to 
thrombus formation [10]. Flow stagnation and reduction of shear stress in GA were 
associated with mural thrombus formation [8]. In addition, fractional flow reserve 
in patients with GA and no stenosis was significantly lower than in those without 
GA. Multiple coronary aneurysms or GA with mild stenosis could easily trigger 
coronary thrombosis [11]. Therefore, antiplatelet and anticoagulant therapy is 
important to prevent thrombosis of GA. 


Assigned Evidence Class and Recommendations 

Although thrombosis of GA can cause acute myocardial infarction leading to poor 
outcomes, there has been no randomized controlled trial comparing treatment 
options. Two case-control studies found that treatment with aspirin plus warfarin 
was more effective than other regimens [12, 13], Onouchi et al. followed patients 
with coronary aneurysms for a mean period of 9 years [12] and found that the 
incidence of coronary occlusion was significantly lower in those receiving warfarin 
plus aspirin than in those receiving warfarin alone or no medication (p < 0.01). 
Incidence in the warfarin plus aspirin group was also lower than that for aspirin 
alone but not significantly so (p<0.10) (Fig. 1). In a study of patients with GA, 
Sugawara et al. [13] reported that the incidence of myocardial infarction was 
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aw(n=ii> aw:a p<0.10 a:w p<0.001 

a(n=65) aw:w p<0.005 a:n p<0.001 

w(n=6) aw:n p<0.01 

n (n=21) 


Fig. 1 Kaplan-Meier curves for rate of freedom from occlusion/recanalization of giant aneurysms 
Prophylactic therapy after acute Kawasaki disease (a: aspirin, w: warfarin, aw: aspirin plus 
warfarin, n: none). The rates of Event free survival at the last observation were 72 %, 33 %, 
100%, and 24% for treatments { a } , {w}, |aw), and { n } , respectively. No occlusion/recanaliza- 
tion was noted for )aw|, and this rate significantly differed from the rates for {w} and { n } . 
Furthermore, { aw ) had a tendency toward lower incidence of occlusion/recanalization as com- 
pared with { a) (Adapted from Onouchi et al. [12] with permission) 


significantly lower in patients receiving warfarin plus aspirin than in those receiv- 
ing antiplatelet medications without warfarin (5.2 % vs. 32.7 %, p < 0.05). The rate 
of freedom from myocardial infarction was 95 % after a mean follow-up period of 
7.7 years in patients assigned to the combined regimen (Fig. 2). There were no 
deaths among patients treated with warfarin plus aspirin; however, seven of the 
49 patients who did not receive warfarin died (p = 0. 1 8). Additionally, a multicen- 
ter case study of 87 patients treated with warfarin plus aspirin showed that 91 % 
were free from cardiac events at 10 years [14] (Fig. 3). A meta-analysis of several 
descriptive observational studies [15, 16] showed that warfarin plus aspirin reduced 
the incidence of coronary artery occlusion (odds ratio [OR], 0.08; 95 % Cl, 
0.02-0.29; p< 0.0001), myocardial infarction (OR, 0.27; 95% Cl, 0.11-0.63; 
p = 0.003), and death (OR, 0.18; 95% Cl, 0.04-0.88; p = 0.03) [16], On the basis 
of this evidence, warfarin and antiplatelet therapy is classified as a class 1 treatment 
for GA with or without coronary stenosis [1, 17]. Other antiplatelet medications, 
such as dipyridamole, flurbiprofen, and ticlopidine (Table 1) [1], have been given 
alone or in combination with aspirin or warfarin. Flowever, evidence regarding the 
effectiveness of these drugs is limited. 
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w/ Warfarin (n=l9) 



Fig. 2 Kaplan-Meier curves for rate of freedom from acute myocardial infarction: warfarin plus 
aspirin vs. aspirin alone The incidence of acute myocardial infarction was significantly lower in 
patients given warfarin plus aspirin ( dotted line) than in those given aspirin alone ( solid tine). AMI 
acute myocardial infarction, MI myocardial infarction (Adapted from Sugahara et al. [13] with 
permission) 


% Event free 
survival 



Fig. 3 Kaplan-Meier curve for rate of freedom from cardiac events in patients receiving warfarin 
plus aspirin A multicenter case study of 87 patients receiving warfarin plus aspirin showed that 
91 % were free from cardiac events at 10 years. (Adapted from Suda et al. [14] with permission) 


www.ketabpezeshki.com 


66485457-66963820 


Antiplatelet and Antithrombotic Therapy for Giant Coronary Aneurysm 


203 


Table 1 Antiplatelet and anticoagulant drugs used in the treatment of Kawasaki disease 


Drugs 

Dosage 

Aspirin 

3-5 mg/kg, qd 


3-5 mg/kg, tid 

Dipyridamole 

2-5 mg/kg, tid 

Ticlopidine 

5-7 mg/kg. bid 

Clopidogrel 

1 mg/kg, qd 

Unfractionated heparin 

Loading 50 U/kg + maintenance 20 U/kg 


Target APTT 60-85 s 


(1.5-2.5 times the reference) 

Low molecular heparin 

ex) enoxaparin 

Infants (<12 months) 

1 .5 mg/kg/day, bid 

Children 

1 mg/kg/day, bid 

Warfarin 

0.05-0.12 mg/kg, qd 


Target INR 2.0-2.5 


Abbreviations: APTT activated partial-thromboplastin time, INR international normalized ratio 


The former treatment guideline of the Japanese Circulation Society established a 
target international normalized ratio of 1.6-2. 5 for antithrombotic treatment using 
warfarin [1]. This was later changed to 2.0-2. 5, to match the recommendations of 
the American Heart Association [17], In a multicenter case study, hemorrhagic 
complications occurred eight times in five patients, a frequency of 1.7% per 
patient-year, at a target international normalized ratio of 1.5-2. 5 or higher [14], 


Recent Advances and Future Directions 

A recent computational simulation model of coronary artery aneurysms provided 
strong evidence that thrombotic risk is more accurately predicted by hemodynamic 
parameters than by aneurysm diameter alone [18]. Therefore, hemodynamic factors 
[8] should be incorporated in the selection of patients for anticoagulation therapy. 
In addition, studies should investigate new drugs, such as factor Xa inhibitor [19], 
that may be better at producing stable anticoagulant activity and minimizing the 
risk of bleeding complications, especially for small infants with KD who are at high 
risk for developing GA. 
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Characteristics of Sudden Cardiac Death 
Late After Acute Kawasaki Disease 


Etsuko Tsuda 


Abstract When present, giant aneurysms typically occlude coronary arteries 
within the first year after onset of Kawasaki disease (KD) and can cause acute 
myocardial infarction. Bilateral giant aneurysm is major risk factor for sudden 
death after KD and leads to myocardial infarction, decreased left ventricular 
ejection fraction, multifocal premature ventricular contractions, and asymptomatic 
nonsustained ventricular tachycardia. Prevention of myocardial infarction and left 
ventricular (LV) dysfunction depends on careful follow-up, anticoagulation ther- 
apy, and coronary revascularization. LV dysfunction predisposes patients to 
arrhythmic sudden death; however, angiotensin-converting enzyme inhibitors and 
beta-blockers improve prognosis for patients with LV dysfunction. Such patients 
may also benefit from antiarrhythmic treatment with amiodarone or sotalol. If 
critical ventricular tachycardia is detected, catheter ablation or an implantable 
cardioverter-defibrillator should be considered. Sudden death can occur more 
than 20 years after acute KD in patients with LV dysfunction (left ventricular 
ejection fraction <40 %). Multifocal premature ventricular contractions and 
nonsustained ventricular tachycardia are probable risk factors in such patients. 

Keywords Giant aneurysm • Acute myocardial infarction • Sudden death • Left 
ventricular dysfunction • Nonsustained ventricular tachycardia 


Introduction 

Although mortality from Kawasaki disease (KD) and its cardiac sequelae has 
decreased recently [1], lifetime prognosis is unclear. Death in this population is 
either sudden or from heart failure. Coronary artery lesions after KD are rarely 
symptomatic, and there is often no evidence of ischemia until actual infarction or 
sudden death occurs. Therefore, an important challenge is preventing late sudden 
death in patients with coronary artery lesions resulting from KD. The author and 
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Fig. 1 Interval from onset of Kawasaki disease to sudden death, and cause of death in 12 patients 
with KD. KD Kawasaki disease, AMI acute myocardial infarction. * Patient had asymptomatic 
coronary occlusion of more than one major branch. During the 1980s, three infants with bilateral 
giant aneurysms were included, two of whom had acute myocardial infarction. In the late 1990s 
and the 2000s, there were five cases of sudden death in patients with left ventricular dysfunction 
(ejection fraction <40 %), more than 20 years after acute KD. The causes of death were unknown 

colleagues analyzed clinical course and cause of death in 12 cases of sudden death 
in KD patients, to identify risk factors for sudden death and determine if cause of 
death changed over the last three decades, a period which saw improvements in 
medical and surgical treatments for KD [2] (Fig. 1). 


History 


The first national survey of KD in Japan, in 1970, reported 10 deaths (1 %) out of 
1100 patients with KD. Seven of the decedents were male and three were female. 
Age at death ranged from 3 month to 2 years 7 months, and the interval from KD 
onset to death was 10-60 days. Eight of the 10 deaths were classified as sudden 
death. Four patients were autopsied, and the findings revealed thrombotic occlusion 
of a coronary aneurysm due to vasculitis, resulting in acute myocardial infarction 
(MI). Records in Japan show that 272,749 patients had acute KD and 436 died, as of 
2010. Although the mortality rate for KD in Japan was 0.4% in the 1970s and 
1980s, it decreased to <0.1 % during the 1990s [1]. National surveys of KD in 
Japan have been performed every 2 years since 1976. Recent surveys show an 
incidence of about 10,000 KD cases per year. At 1 month after onset, giant 
(>8 mm) coronary aneurysms (GA), the cause of cardiac sequelae leading to 
sudden death, are present in about 0.2 % of KD patients. The male: female ratio 
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for incidence of death after KD is about 3:1, as is the male:female ratio in the 
prevalence of GAs as cardiac sequelae. 

The principal causes of sudden death after KD onset differ by decade (Fig. 1) 
[2], In the 1970s, most exercise-related sudden deaths occurred in patients with 
occult coronary artery disease resulting from KD. Unfortunately, these cases were 
not identified until after sudden death. Appropriate treatments for acute KD and 
precise diagnostic techniques for cardiac sequelae had not yet been established in 
the 1970s and 1980s. Until the early 1980s most sudden deaths were caused by 
acute MI within several years of the acute episode. In addition to missed diagnoses, 
the contemporaneous anticoagulation regimen for KD coronary artery lesions was 
insufficient for preventing MI. In the late 1990s and early 2000s several sudden 
deaths occurred in patients with left ventricular dysfunction and nonsustained 
ventricular tachycardia (NSVT). The patients were born in the 1970s and 1980s 
and developed MI soon after acute KD. They had no history of cardiac events in the 
many years before their deaths. Fatal ventricular arrhythmia was the most likely 
cause of death. There are probably many such at-risk patients, now adults. Thus, 
determining the cause of sudden death and preventing such deaths in this population 
are important concerns. 


Current Understanding 

Acute sudden death from aneurysms is usually caused by aneurysm rupture. Such 
ruptures are rare in aneurysms with a diameter <10 mm. In autopsy reports by the 
Japan Pathologic Society, rupture was found in 20 (10%) of 204 KD patients 
[3], The interval from KD onset to rupture of a giant aneurysm was 10-28 days, 
and the rate was higher for aneurysms in the left coronary artery than for those in the 
right coronary artery. The pathologists noted that the coronary walls were thin and 
that the internal and external elastic lamina were destroyed. Continuous steroid 
therapy should be avoided in patients with aneurysms when aneurysm diameter is 
progressively increasing during acute KD. 

GA are likely to occlude with thrombosis, especially during the first year. 
Thrombosis often results in acute MI [4], which occasionally causes sudden death 
or impaired left ventricular function, a major determinant of outcome in this 
population (Table 1). In most patients acute MI after KD is caused by sudden 
coronary occlusion due to a thrombus in the GA. These thrombi are triggered by 
three factors, as described by Virchow, namely, endothelial dysfunction in the 
injured coronary arterial wall due to severe acute vasculitis, turbulence or stasis 
within the giant aneurysm, and hypercoagulability caused by acceleration of coag- 
ulant and thrombolytic systems in the first year after KD. Antithrombotic therapy 
for GA patients is also beneficial during the first year after acute KD [5]. More 
effective anticoagulation, including the use of coumadin, has likely decreased the 
prevalence of acute MI. GA due to KD can cause acute coronary syndromes in 
adults, and age at onset in patients with such syndromes is younger than in the 
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Table 1 Risk factors of 
sudden death late after 
Kawasaki disease 


Bilateral giant aneurysm (multivessel disease) 
Occlusion of one or more coronary arteries 
Previous myocardial infarction 
Nonviable infarct area 

Low left ventricular ejection fraction (<40 %) 
Nonsustained ventricular tachycardia 


(%) 

100 


50 - 


Perfusion defect none or mild (n = 19) 100% 

. Perfusion defect moderate or severe (n =38) 

Sudden death 

6 ( 16 %) 


10-year 

84% 


25-year 

"] 10 % 


log-rank test p = 0.0044 


i i i i i i i i 


0 5 10 15 20 25 

Years after the initial myocardial infarction 


Fig. 2 Kaplan-Meier curves of freedom from nonsustained ventricular tachycardia after initial 
myocardial infarction, as determined by presence of abnormalities in " m -Tc myocardial perfusion 
imaging 


general population. Even when aneurysms regress during adulthood, a few patients 
develop AMI [6]. Smoking is clearly contraindicated in at-risk individuals. 

Successful revascularization for AMI also increases survival after AMI. How- 
ever, more information on precise diagnosis and optimal treatment of AMI is 
critically needed. Most late deaths after AMI were due to heart failure or were 
sudden. Recurrent MI and fatal ventricular arrhythmia were also noted. 
Nonsustained ventricular tachycardia (NSVT) and ventricular tachycardia 
(VT) can develop more than 10 years after initial MI, mostly in patients with 
nonviable myocardium secondary to MI (Fig 2) [5]. Development of NSVT and 
VT in patients with low left ventricular ejection fraction (LVEF) adversely 
influenced outcomes. 

The incidence of stenotic lesions in GA progressively increases, and the degree 
of stenosis worsens with aging [7], Stenotic lesions were found in most working GA 
branches after 20 years, although the incidence of stenosis was very low in vessels 
without GA. Patients with bilateral GA had a higher incidence of stenosis and a low 
cardiac event-free rate. The hazard ratio for the risk of death and cardiac events 
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associated with bilateral GA was about four times that associated with unilateral 
GA. Prognosis was significantly poorer for patients with bilateral GA than for those 
with unilateral GA. Multivessel disease and previous infarction are risk factors for 
sudden death (Table 1). Therefore, coronary bypass grafting (CABG) as a means of 
coronary revascularization is more effective in multivessel disease. Patients with 
bilateral GA require at least one good revascularization in the long-term period 
after KD, as it increases survival [8], 


Evidence Quality and Recommendations 

Coronary artery lesions caused by KD require medical and possibly surgical 
management. Intracoronary thrombolysis using tissue plasminogen activator and 
percutaneous coronary intervention (PCI) is indicated for acute MI. After infarc- 
tion, medical treatment for heart failure and arrhythmia may be necessary. 

Late localized stenosis due to intimal thickening may eventually completely 
occlude one or more coronary arteries, causing severe myocardial ischemia. Cor- 
onary artery revascularization aims to improve myocardial ischemia from impaired 
flow secondary to stenosis and is achieved either surgically by CABG or by one or 
more PCI procedures [9]. CABG using the internal thoracic artery (ITA) has been 
successfully performed since the middle of the 1980s and has been widely accepted 
as the most reliable means of ensuring myocardial revascularization [10], Experi- 
ence with PCI during the late period after KD suggests it can be effective, although 
information on PCI in children is limited. A combination of procedures is often 
needed in patients with multivessel disease, to optimize the possibility of long-tenn 
survival. 

Selection of the best approach for revascularization is critical and involves 
determining whether CABG, PCI, or both is better for a given patient. Large 
body size and the presence of multivessel disease favor surgery. One must decide 
if the affected vessels are appropriate for PCI. In some cases delayed intervention 
might result in a better long-term outcome. In some respects, CABG is a better 
approach than PCI for coronary revascularization. Although PCI may improve 
myocardial ischemia for localized stenosis with GAs, the risk of MI from throm- 
botic occlusion remains. In contrast, if good flow is present in an ITA graft 1 year 
after surgery, long-term patency is virtually assured [9], It improves patient quality 
of life, and the risk of restenosis of target vessels is low. Complete recovery of 
coronary blood flow by CABG might permit discontinuation of long-term antico- 
agulant therapy in patients without persistent GAs or coronary artery lesions in 
other vessels. However, coronary revascularization in children does not always 
have to be complete, because the interval to development of stenotic lesions varies 
in each patient. CABG should be performed only when native flow is severely 
impaired. 

Electrophysiological studies may be needed in order to detect potentially fatal 
arrhythmias in such patients. Sudden deaths in patients with left ventricular 
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dysfunction due to KD can occur more than 20 years after previous MI. Amiodarone 
or sotalol can prevent fatal ventricular arrhythmia, a late complication of MI. The 
ACC/AHA/HRS 2008 Guidelines for Device-Based Therapy of Cardiac Rhythm 
Abnormalities state that implantable cardioverter-defibrillator (ICD) therapy is 
indicated in patients who are at least 40 days post-MI and have LV dysfunction 
due to prior MI, an LVEF <30 %, and NYHA functional class I disease (Level of 
Evidence: A). Furthermore, ICD therapy is indicated in patients with NSVT caused 
by prior MI, an LVEF less than 40%, and inducible ventricular fibrillation or 
sustained VT in an electrophysiological study (Level of Evidence: B) These groups 
were included in class I. Some patients with low LVEF and nonviability after KD 
may be suitable for inclusion in these groups. 


Recent Advances 

Research on myocardial disease is continuing to explore the possibility of 
transplanting cells that regenerate and are well-tolerated. Ongoing trials are inves- 
tigating the feasibility of cell therapies, including the evaluation of cell types and 
injection methods. 
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Kawasaki Disease Diagnosis 

and Complication Rates in the United States 

and Japan 


Shohei Ogata 


Abstract Clear diagnostic criteria and definitions of coronary artery lesions 
(CALs) were established in Japan by the Japanese Ministry of Health Research 
Committee (Fifth Revised Edition, February 2002) and the Japanese Circulation 
Society (JCS), and in the United States by the American Heart Association (AHA) 
and American Academy of Pediatrics (AAP), in 2004. Definitions and criteria for 
Kawasaki disease diagnosis slightly differ between the AHA/AAP and Japanese 
guidelines. The diagnostic criteria for classical Kawasaki disease in AHA/AAP 
guidelines include fever persisting at least 5 days and at least four of five other 
criteria. The criteria in the Japanese guidelines include fever as a sixth, equally 
important criterion, and patients must meet five of six criteria for diagnosis, 
including fever that subsides within 5 days in response to therapy. It is difficult to 
compare CAL rates in these countries because the definitions of CALs are 
completely different in the respective guidelines. The Japanese JCS guidelines for 
CALs use the diameter of each segment of coronary arteries. However, in the 
AHA/APP guidelines aneurysms are classified using z-scores. Previously reported 
differences in CAL rates between the United States and Japan likely resulted from 
use of different definitions and nomenclature. Development of standard criteria for 
CALs in both countries would allow meaningful comparisons between countries 
and facilitate collaborative international clinical trials. 
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Guidelines for Kawasaki Disease in the United States 
and Japan 

Children with Kawasaki disease (KD) are febrile and extremely irritable, much 
more so than children with other febrile illnesses. No specific and sensitive diag- 
nostic test for KD is available. Current diagnostic criteria and definitions of 
coronary artery lesions (CALs) were established in Japan by the Japanese Ministry 
of Health Research Committee (Fifth Revised Edition, February 2002) and the 
Japanese Circulation Society (JCS), and in United States by the American Heart 
Association (AHA) and American Academy of Pediatrics (AAP) [1—4]. 

AHA/AAP published the first US KD guidelines in 2004, and they have been 
widely used in that country and elsewhere. The guidelines from the Japanese 
Ministry of Health Research Committee have been used for KD diagnosis in 
Japan since 1984, and the Scientific Committee of the JCS published guideline 
criteria for CALs in 2005, which have been used for CAL diagnosis in Japan. 
Although the criteria for KD diagnosis are described in the JCS guidelines, the 
diagnostic criteria in both guidelines are very similar in content because the JCS 
guidelines were designed based on the guidelines from the Japan Ministry of Health 
Research Committee. 

The definitions and criteria for KD diagnosis slightly differ between the 
AHA/AAP and Japanese guidelines. It is difficult to compare rates of CALs 
between countries because the definitions for CALs are completely different. In 
addition, KD complication rates differ between the United States and Japan. This 
chapter describes the characteristics and diagnostic findings for KD and CALs in 
these guidelines and complication rates in the United States and Japan. 


Diagnosis 
Complete KD 

The diagnostic criteria for classical KD in the AHA/AAP guidelines are a fever 
persisting at least 5 days accompanied by at least four of five other criteria, which 
are largely mucocutaneous (i.e., nonexudative bilateral conjunctival injection, 
changes in lips and oral cavity, polymorphous eruption, changes in distal extrem- 
ities, and acute nonpurulent cervical lymphadenopathy). Patients with a fever 
persisting at least 5 days and fewer than four principal features receive a diagnosis 
of KD when coronary artery disease is detected by 2-D echocardiography or 
coronary angiography. In the presence of the principal criteria, a KD diagnosis 
can be made on day 4 of illness. 

The Japanese criteria include fever as a sixth, equally important criterion, and 
patients must meet five of six criteria for diagnosis, including fever that subsides 
before the fifth day in response to therapy (Table 1). Other common clinical 
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Table 1 Diagnostic criteria for Kawasaki disease in the AHA/AAP and Japanese Ministry of 
Health Research Committee guidelines 

AHA/AAP guidelines 

Patients with fever persisting at least 5 days and <4 of the principal criteria receive a Kawasaki 
disease diagnosis when coronary artery abnormalities are detected by 2-D echocardiography or 
angiography. 

1 . Fever persisting at least 5 days* 

Presence of at least four principal features: 

2. Change in extremities 

Acute: Erythema of palms, soles; edema of hands, feet 
Subacute: Periungual peeling of lingers, toes in weeks 2 and 3 

3. Polymorphous exanthema 

4. Bilateral bulbar conjunctiva injection without exudate 

5. Changes in lips and oral cavity: erythema, lips cracking, strawberry tongue, diffuse injection 
of oral and pharyngeal mucosae 

6. Cervical lymphadenopathy (>1.5 cm diameter), usually unilateral 

The Japanese Ministry of Health Research Committee guidelines 

At least five of items 1-6 should be satisfied for a diagnosis of Kawasaki disease. However, 
Kawasaki disease can be diagnosed when patients with four of the principal symptoms have 
coronary aneurysm or dilatation, as confirmed by 2-D echocardiography or angiography. 

1 . Fever persisting at least 5 days (including patients in whom fever has subsided before day 5 in 
response to therapy) 

2. Bilateral conjunctival congestion 

3. Changes in lips and oral cavity: erythema of lips, strawberry tongue, diffuse injection of oral 
and pharyngeal mucosa 

4. Polymorphous exanthema 

5. Changes in peripheral extremities 

Acute phase: Erythema of palms and soles; indurative edema 
Convalescent phase: Membranous desquamation from fingertips 

6. Acute nonpurulent cervical lymphadenopathy 

When >4 of the principal criteria are present, a diagnosis of Kawasaki disease can be made on day 
4 of illness. Experienced clinicians who have treated many Kawasaki disease patients may 
establish a diagnosis before day 4 

* The diagnostic criteria for classical Kawasaki disease in AHA/AAP guidelines include fever 
persisting at least 5 days and at least four of five other criteria. On the other hand, the criteria in the 
Japanese guidelines include fever as one of sixth symptoms 

findings are not required for diagnosis in either the US or Japanese guidelines. KD 
may also be diagnosed when only four of the aforementioned symptoms are present 
if, during the period of illness, either 2-D echocardiography or coronary angiogra- 
phy shows coronary artery aneurysms (CAAs), including coronary artery dilation, 
and all other causes of CAAs can be excluded. 

Although fever occurs in 80-90 % of patients with KD, the diagnostic criteria 
defined by the AHA are comparable to the Japanese diagnostic guidelines because 
99 % of KD patients who receive a diagnosis based on the Japanese diagnostic 
guidelines also satisfy the fever criterion [5, 6]. 
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Incomplete KD 

The definitions for a diagnosis of incomplete or atypical KD are similar in the 
United States and Japan. The Japanese guidelines state that a KD diagnosis is 
possible even when five or more of the principal symptoms are absent, if other 
conditions can be excluded and KD is suspected, a condition known as incomplete 
KD. Indeed, approximately 15-20 % of KD patients have incomplete KD in Japan 
[7], However, even if a patient has four or fewer principal symptoms, the illness 
should not be regarded as less severe, because cardiovascular abnormalities are not 
rare in patients with incomplete KD [8]. In Japan, redness and crusting at a bacille 
Calmette-Guerin (BCG) inoculation site in infants younger than 1 year is an 
important finding, and erythema or crusting at a BCG site is one of the other 
significant symptoms or findings in the Japanese guidelines. This finding is not 
included in the AHA/AAP guidelines because BCG vaccination is uncommon in 
the United States. 

The AHA/AAP guidelines include an algorithm for evaluation and treatment of 
suspected patients with incomplete or atypical KD (Fig. 1). The algorithm indicates 
that incomplete KD should be diagnosed in a patient with a fever persisting at least 
5 days, two or three additional clinical diagnostic criteria, and abnormal laboratory 
values typical of KD. The incidence rate of incomplete KD in the United States is 
reported to be approximately 20-27 % [9]. The AHA/AAP specifies that the term 
“atypical” should be used to describe patients who have a sign or symptom not 
typically seen in KD, such as renal impairment [3]. 


Complication: Coronary Artery Aneurysms 

Coronary artery aneurysms develop as a sequela of vasculitis in 20-25 % of 
untreated children. Currently, studies report an aneurysm rate of approximately 
4. 0-5.0%, while the rate in Japan is reported to be about 1.0% for patients 
receiving treatment for KD [7, 10]. However, it has been difficult to compare 
coronary artery outcomes between the two countries because of different definitions 
for CALs [11], 

Validation methods for CALs are very similar between countries. On echocar- 
diography, CALs are observed during acute KD as increased echo intensity of the 
coronary artery wall, and coronary aneurysms or “regression” of coronary aneu- 
rysms is observed on coronary angiography within 1-2 years after onset, typically 
in patients with small or medium aneurysms, in both countries. However, the 
criteria for CALs differ between the United States and Japan. 

The JCS guidelines classify coronary arteries as small aneurysms or dilatation if 
the internal lumen diameter is <4 mm in children <5 years or the internal diameter 
of a segment measures <1.5 times that of an adjacent segment in children >5 years; 
as medium aneurysms if the internal lumen diameter is >4 to <8 mm in children 
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Evaluation of Suspected Incomplete Kawasaki Disease (KD) 1 



Jane W. Ncwbuiger et al. Circulation. 2004:1 10:2747-2771 

Fig. 1 Evaluation of Suspected Incomplete Kawasaki disease. Evaluation of suspected incom- 
plete Kawasaki disease. ( 1 ) In the absence of a gold standard for diagnosis, this algorithm cannot 
be evidence-based but rather represents the informed opinion of an expert committee. Consultation 
with an expert should be sought anytime assistance is needed. (2) Infants aged <6 months with 
fever persisting at least 7 days, in the absence of another explanation, should undergo laboratory 
testing. If evidence of systemic inflammation is found, echocardiography should be performed 
even if the patient has no other clinical symptoms. (5) Patient characteristics suggesting Kawasaki 
disease are listed in Table 1. Characteristics suggesting diseases other than Kawasaki disease 
include exudative conjunctivitis, exudative pharyngitis, discrete intraoral lesions, bullous or 
vesicular rash, and generalized adenopathy. Consider alternative diagnoses (see Table 2). (4) 
Supplemental laboratory criteria include albumin <3.0 g/dL, anemia for age, elevation of alanine 
aminotransferase, platelets after 7 days >450 000/mm 3 , white blood cell count >15 000/mm 3 , and 
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Table 2 Criteria for coronary artery abnormalities in the AHA/AAP and JCS guidelines 


AHA/AAP guidelines 

Normal 

Z-score, <2.5 

Small aneurysms 

Internal diameter, <5 mm 

Medium aneurysms 

Internal diameter, 5-8 mm 

Giant aneurysms 

Internal diameter, >8 mm 


The Japanese Ministry of Health Research Committee guidelines 


Dilatation or small 

Localized dilatation <4 mm in internal diameter 

aneurysms 

In children >5 years, internal diameter of a segment measures 1 .5 times 
that of an adjacent segment 

Medium aneurysms 

Aneurysms with an internal diameter of >4 mm to <8 mm 


In children >5 years, the internal diameter of a segment measures 1 .5^1 
times that of an adjacent segment 

Giant aneurysms 

Aneurysms with an internal diameter of >8 mm 


In children >5 years, the internal diameter of a segment measures >4 
times that of an adjacent segment 

Transient coronary 
dilatation 

Patients with transient coronary dilatation that typically subsides within 
30 days after onset 


<5 years or the internal diameter of a segment measures 1 .5 — 4 times that of an 
adjacent segment in children >5 years; and as giant aneurysms if the internal lumen 
diameter is >8 mm in children <5 years or the internal diameter of a segment 
measures >4 times that of an adjacent segment in children >5 years (Table 2) 
[2], In addition, slight, transient coronary dilations that typically subside within 
30 days after onset are defined in the Japanese guidelines as transient coronary 
dilatations but are not described in the AHA/AAP guidelines. The Japanese guide- 
lines recommend echocardiographic assessment for persistent aneurysms during 
early KD, about 30 days after onset [2], 

In the AHA/APP guidelines, aneurysms are classified as small (internal diameter 
of vessel wall <5 mm), medium (diameter from 5-8 mm), and giant (diameter 
>8 mm). Although the criteria for CALs in the JCS guidelines are not based on 
patient body size, the US guidelines use z-scores to classify CALs because coronary 
artery dimensions in children without KD were shown to increase with indices of 
body size, such as body surface area or body length (Table 2) [3]. In the AHA/AAP 


Fig. I (continued) urine with >10 white blood cells/high-power field. (5) Patients can receive 
treatment before echocardiography. (6) An echocardiogram is considered positive for purposes of 
this algorithm if any of three conditions are met: if the z-score for the LAD or RCA is >2.5, if 
coronary arteries satisfy Japanese Ministry of Health criteria for aneurysms, or if >3 other 
suggestive features exist, including perivascular brightness, lack of tapering, decreased LV 
function, mitral regurgitation, pericardial effusion, or LAD or RCA z scores of 2-2.5. (7) If the 
echocardiogram is positive, treatment should be given to children within 10 days of fever onset and 
to those with clinical and laboratory signs (CRP, ESR) of ongoing inflammation later than 10 days 
after fever onset. ( 8 ) Typical peeling begins under the nail beds, first in the fingers and then in the 
toes (Newburger et al. [3]) 
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guidelines, normal coronary arteries have a z-score of <2.5. New z-score formulas 
for CAL evaluation have been developed (12-14). A clear advantage of using 
z-scores for evaluating coronary artery dimensions in pediatric populations is 
normalization for body surface area and the use of specific criteria for right and 
left coronary arteries [11]. Infants (age <1 year), older children (age 9-17 years), 
males, Asians, Pacific Islanders, and Hispanics have a higher risk of developing 
CAAs [15]. Specifically, the rate for Asians and Pacific Islanders in the United 
States was higher than that for whites but similar to those reported in Japan, Korea, 
and China [6, 11]. 

Use of immunoglobulin therapy as standard therapy for KD has dramatically 
reduced the rate of CAAs in both countries. Thus, delayed diagnosis and treatment 
might increase the rate of CAAs. Up to 20 % of KD patients do not respond to 
immunoglobulin therapy [10]. These patients are at a higher risk of developing 
cardiac complications and should be promptly retreated with additional therapies to 
reduce the occurrence of cardiac complications. 

Previously reported differences in CAA rates in the United States and Japan 
likely resulted from the use of different definitions and nomenclature. Establish- 
ment of standard criteria for CAAs in both countries would allow for meaningful 
comparisons between the countries and would facilitate collaborative international 
clinical trials. 


References 


1. Ayusawa M, Sonobe T, Uemura S, Ogawa S, Nakamura Y, Kiyosawa N, et al. Revision of 
diagnostic guidelines for Kawasaki disease (the 5th revised edition). Pediatr Int. 2005;47 
(2):232 — 4. 

2. Japanese Circulation Society Joint Research Group. Guidelines for diagnosis and management 
of cardiovascular sequelae in Kawasaki disease. Pediatr Int. 2005;47(6):71 1-32. http://dx.doi. 
org/10.11 ll/j.l442-200x.2005. 02149.x PMID: 16354233. 

3. Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Bums JC, et al. Committee 
on rheumatic fever, endocarditis and Kawasaki disease; Council on Cardiovascular Disease in 
the Young; American Heart Association; American Academy of Pediatrics. Diagnosis, treat- 
ment, and long-term management of Kawasaki disease: a statement for health professionals 
from the Committee on Rheumatic Fever, Endocarditis and Kawasaki Disease, Council on 
Cardiovascular Disease in the Young, American Heart Association. Circulation. 2004;110 
( 17):2747— 7 1 . http://dx.doi.org/10.H61/01.CIR.0000145143.19711.78 PMID:155051 1 1. 

4. Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Bums JC, et al. Committee 
on Rheumatic Fever, Endocarditis, and Kawasaki Disease, Council on Cardiovascular Disease 
in the Young, American Heart Association. Diagnosis, treatment, and long-term management 
of Kawasaki disease: a statement for health professionals from the Committee on Rheumatic 
Fever, Endocarditis, and Kawasaki Disease, Council on Cardiovascular Disease in the Y oung, 
American Heart Association. Pediatrics. 2004; 114(6): 1708-33. http://dx.doi.org/10.1542/ 
peds.2004-2182 PMID: 15574639. 

5. Bayers S, Shulman ST, Paller AS. Kawasaki disease: Part I. Diagnosis, clinical features, and 
pathogenesis. J Am Acad Dermatol. 2013;69(4):501 el-11; quiz 11-2. 

6. Uehara R, Belay ED. Epidemiology of Kawasaki disease in Asia, Europe, and the United 
States. J Epidemiol. 2012;22(2):79-85. 


www.ketabpezeshki.com 


66485457-66963820 


222 


S. Ogata 


7. Makino N, Nakamura Y, Yashiro M, Ae R, Tsuboi S, Aoyama Y, et al. Descriptive epidemi- 
ology of Kawasaki disease in Japan, 2011-2012: from the results of the 22nd nationwide 
survey. J Epidemiol. 2015;25(3):239 — 45. 

8. Sonobe T, Kiyosawa N, Tsuchiya K, Aso S, Irnada Y, Imai Y, et al. Prevalence of coronary 
artery abnormality in incomplete Kawasaki disease. Pediatr Int. 2007;49(4):421-6. http://dx. 
doi.org/10.1 1 ll/j.l442-200X.2007.02396.x. 

9. Yellen ES, Gauvreau K, Takahashi M, Bums JC, Shulman S, Baker AL, et al. Performance of 
2004 American Heart Association recommendations for treatment of Kawasaki disease. 
Pediatrics. 2010;125(2):e234-41. http://dx.doi.org/10.1542/peds.2009-0606 PMID:20100771. 

10. Tremoulet AH, Best BM, Song S, Wang S, Corinaldesi E, Eichenfield JR, et al. Resistance to 
intravenous immunoglobulin in children with Kawasaki disease. J Pediatr. 2008; 153 
(1):1 17-21. http://dx.doi.Org/10.1016/j.jpeds.2007.12.021 PMID:18571548. 

11. Ogata S, Tremoulet AH, Sato Y, Ueda K, Shimizu C, Sun X, et al. Coronary artery outcomes 
among children with Kawasaki disease in the United States and Japan. Int J Cardiol. 2013; 168 
(4):3825-8. http://dx.doi.Org/10.1016/j.ijcard.2013.06.027 PMID:23849968. 

12. Dallaire F, Dahdah N. New equations and a critical appraisal of coronary artery Z scores in 
healthy children. J Am Soc Echocardiogr. 201 1 ;24( 1 ):60— 74. http://dx.doi.Org/10.1016/j.echo. 
2010.10.004 PMID:21074965. 

13. Manlhiot C, Millar K, Golding F, McCrindle BW. Improved classification of coronary artery 
abnormalities based only on coronary artery z-scores after Kawasaki disease. Pediatr Cardiol. 
2010;3 1 (2):242— 9. http://dx.doi.Org/10.1007/s00246-009-9599-7PMID:20024653. 

14. de Zorzi A, Colan SD, Gauvreau K, Baker AL, Sundel RP, Newburger JW. Coronary artery 
dimensions may be misclassified as normal in Kawasaki disease. J Pediatr. 1998; 133(21:254-8. 
http://dx.d 0 i. 0 rg/l 0.1016/S0022-3476(98)70229-X PMID:9709715. 

15. Belay ED, Maddox RA, Holman RC, Cums AT, Ballah K, Schonberger LB. Kawasaki 
syndrome and risk factors for coronary artery abnormalities: United States, 1994—2003. Pediatr 
Infect Dis J. 2006;25(3):245-9. http://dx.doi.org/10.1097/01.inf.0000202068.30956.16 
PMID:1651 1388. 


www.ketabpezeshki.com 


66485457-66963820 


Mechanism of Action of Immunoglobulin: 
Sialylated IgG 


Toshiyuki Takai 


Abstract Glycosylation of IgG, including sialylation of the Fc region, influences 
binding of IgG to receptors. In addition to the classical Fc receptor members, we 
now know of several sugar-binding lectins that recognize sialylated oligosaccha- 
rides of IgG. These lectins, particularly human dendritic cell-specific intercellular 
adhesion molecule-3-grabbing non-integrin (DC-SIGN), may regulate immune 
reactions and are thus candidate molecules in the initiation of the sequence of 
IVIG-mediated anti-inflammatory events. This chapter reviews the emerging role 
of sialylated IgG Fc in the IVIG-mediated therapeutic effect, in particular the 
importance of DC-SIGN-initiated events. 

Keywords DC-SIGN • Lectin • Fc receptor • Dendritic cell • Oligosaccharide 


Introduction 

The mechanisms underlying the action of IVIG involve blocking or neutralizing 
the effects of IgG Fc receptors (FcyRs), complements, pathogenic antibodies, 
superantigens, and cytokines. The effects of receptors and complements are attrib- 
uted to the Fc region of IgG, and the effects of pathogenic antibodies, 
superantigens, and cytokines are ascribed to the Fab region and induction of 
regulatory cells including regulatory T (Treg) cells. The pluripotential nature of 
IgG and related molecules with which IgG molecules interact (Fig. 1) suggests the 
presence of multiple mechanisms by which IVIG alleviates disease. A recent series 
of studies by Ravetch and colleagues showed that IVIG mechanisms involve 
recognition of sialylated IgG Fc by a carbohydrate receptor on sensor macrophages 
and dendritic cells (DCs), namely DC-specific intercellular adhesion molecule-3- 
grabbing non-integrin (DC-SIGN or CD209), which indirectly leads to upregulation 
of a unique inhibitory FcyR, FcyRIIB, on effector macrophages [1J. 
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Fig. 1 Schematic view of Ig Fc-binding receptors 

The schematic structures of human IgG Fc receptor proteins are shown with ligands and expression 
profiles. The structures of IgE-, IgA-, and IgM-binding Fc receptors are also shown. In the classical 
IgG Fc receptors FcyRI, RII, and RIII (and RIV in mice), FcyRI is a high-affinity receptor that 
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FcyR-bOUnd IgG Hypothetical view of preferential 

binding to DC-SIGN 

Fig. 2 Binding of glycosylated IgG to a canonical Fey receptor 

A schematic view of an IgG molecule bound to a classical FcyR. Note that low-affinity FcyR 
receptors bind IgG molecules as multivalent immune complexes (not shown in figure). The N- 
linked oligosaccharides ( black hexagons ) are located in the Fc portions, as biantennary chains 
bound to Asn297 of C H 2 domains (for composition of the residues, left) [2], and in variable regions 
of the L and H chains (not shown), depending on the iV-glycosylation consensus sequence, Asn-X- 
Ser/Thr. It has been proposed that sialylation (white hexagons) at the termini of oligosaccharides 
induces conformational change of the Fc C h 2-C h 3 domains, from “open” to “closed”, and reduces 
IgG binding to the Fc receptor [3], although this has not been verified by X-ray crystallography 
[4]. Man, mannose; GlcNAc, A-acetylglucosamine; Gal, galactose; Fuc, fucose; Neu5Ac, N- 
acetylneuraminic acid (sialic acid) 


Glycosylated IgG 


A'-linked oligosaccharides of human serum IgG are present in the Fc portion (Fig. 2) 
and sometimes in the V H and V L regions, depending on the consensus sequence, 
Asn-X-Ser/Thr. Sialyl residues may be located at the termini of biantennary 
carbohydrate chains. Studies of the relation of IgG glycosylation to physiology 
and pathology began over 50 years ago [5], An analysis of the composition of 
carbohydrate residues in glycosylated IgG [6] suggested the presence of one sialic 
acid residue per IgG molecule on average. It was also shown that the carbohydrates 

< 

Fig. 1 (continued) binds monomeric IgG. FcyRII and RIII (and RIV) show low affinities to IgG, so 
they bind IgG as immune complexes. FcyRI and RIIIA associate with a homodimeric Fc receptor 
common y chain harboring an immunoreceptor tyrosine -based activation motif (ITAM), and 
FcyRIIA harbors an endogenous IT AM-like motif. Upon ligand binding, these receptors deliver 
activating signaling within cells. FcyRIIB has an immunoreceptor tyrosine-based inhibitory motif 
(ITIM) and delivers inhibitory signals upon ligand binding. DC-SIGN (CD209) and FcyRII 
(CD23) are C-type lectin family members and are proposed sialyl Fc IgG receptors. LCs, 
Langerhans cells 
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of IgG Fc determine the half-life of IgG in plasma and its deposition in tissues 
[7], The serum level of IgG with no terminal galactose residues is associated with 
the rheumatoid arthritis (RA) pathology, eg, in the production of IgG rheumatoid 
factor (RF) [8]. This suggests that (V-glycosylation of Fc may be linked to immune 
response and disease states in general. Fucose residues in oligosaccharides of IgG 
may also modulate immune responses, because fucosylation of IgG reduces binding 
to FcyRs, and a fucose-less anti-CD20 monoclonal antibody, rituximab, exhibits 
more active antibody-dependent cell-mediated cytotoxicity toward Raji human B 
cells of human NK cells in vitro [9], 


Sialylation of IgG Fc 

Findings from earlier studies suggest that terminal sialylation of Fc is important in 
IgG turnover [5, 6], In addition, the sialic acid content of RF isolated from an RA 
patient was lower than that of normal IgG [7], suggesting that sialylation is related 
to disease. However, the potential significance of sialyl IgG in health and disease 
was not well recognized until recent studies by Ravetch and colleagues, which 
highlighted sialyl IgG Fc and its relation to immune regulation. Their research 
suggests that FcyRIIB has a role in feedback regulation of B cells and in inflam- 
matory responses by effector cells, a notion already widely accepted. Several lines 
of evidence indicate that the therapeutic activity of IVIG is mediated through its Fc 
portion and FcyRIIB in mouse models of immune thrombocytic purpura (ITP), RA, 
and nephrotoxic nephritis [10], and it was associated with upregulated expression of 
FcyRIIB on splenic macrophages in an ITP model. 

Kaneko et al. [11] demonstrated the significance of sialyl Fc in the anti- 
inflammatory action of IVIG. Measurement of the affinities of the sialyl and 
non-sialyl forms of IgG to FcyRs indicated that sialylation reduces binding affin- 
ities by five- to ten-fold. In addition, sialyl Fc, but not non-sialyl IVIG, mediated 
anti-inflammatory activity in an arthritis model, suggesting that the sialic acids of 
Fc are responsible for the effect. They also found that the sialic acid content of IgG 
was reduced upon induction of an antigen-specific immune response, which sug- 
gests that differential sialylation constitutes a switch from steady-state anti-inflam- 
matory activity to pro-inflammatory effects upon antigenic challenge (Fig. 3). 

Anthony et al. [12] developed a fully recombinant sialyl IgGl Fc fragment with 
greatly enhanced potency, as compared with IVIG, in arthritis and ITP models. A 
specific receptor for sialyl Fc was believed to be involved in this pathway. This 
receptor was later identified as a C-type lectin, SIGNR1 (specific ICAM-3-grabbing 
non-integrin-related 1), which is expressed in the splenic marginal zone in mice 
[13]. Genetic deletion of SIGNR1 in mice abrogated the anti-inflammatory activity 
of IVIG and sialylated Fc. The study authors also suggested that human DC-SIGN, 
a homolog of murine SIGNR1, could be a receptor for sialyl Fc and a mediator of 
anti-inflammation because of the similarity to SIGNR1 in its binding to sialyl Fc 
in vitro. 
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Fig. 3 Proposed mechanism of sialylated IgG Fc-DC-SIGN-FcyRIIB-mediated anti-inflam- 
mation 

On the basis of data from animal models, a model for DC-SIGN-mediated anti-inflammation has 
been proposed in which sialylated Fc binds to DC-SIGN on sensor macrophages and DCs, thereby 
inducing production of IL-33, which then induces basophils to produce IL-4. These basophils then 
promote increased expression of Fc yRIIB on effector macrophages [ 1 ] 


General Characteristics of DC-SIGN 

DC-SIGN is preferentially expressed on human peripheral and lymph node DCs 
and some macrophages [14] (Fig. 1) and was initially characterized as a receptor for 
the HIV envelope glycoprotein gpl20. In vitro analyses of DC-SIGN have revealed 
that this receptor recognizes a broad range of pathogen-derived ligands and self- 
glycoproteins as a pattern recognition receptor and is capable of mediating different 
aspects of DC biology, including intercellular communication, migration, pathogen 
recognition, signaling, and antigen presentation [14]. However, the in vivo function 
of DC-SIGN is difficult to ascertain, in part because there are multiple genetic 
homologs (SIGNR1-8) in mice with no clear DC-SIGN ortholog. While human 
DC-SIGN is expressed on DCs and some macrophages, mouse SIGNR1 is 
expressed exclusively on marginal zone macrophages, not on DCs. SIGNR1 and 
SIGNR3 knockout and human DC-SIGN transgenic mouse models have failed to 
reproduce the predicted in vitro physiological functions of DC-SIGN. Thus, avail- 
able mouse models may be limited in their capacity to reveal the physiological role 
of DC-SIGN in in vivo models [14]. 
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The Potential DC-SIGN-Mediated IVIG Mechanism 

Anthony et al. [1] proposed a cascade by which sialylated IVIG Fc and DC-SIGN 
induce anti-inflammatory activity in an arthritis model expressing human DC-SIGN 
as a transgene. They found that IVIG action was attained by transfer of macro- 
phages or DCs treated with sialylated Fc into naive recipient mice. Sialylated 
Fc administration to mice induced a T helper (Th)2 cytokine, IL-33, which then 
induced basophils to produce another Th2 cytokine, IL-4. These basophils ulti- 
mately increased expression of FcyRIIB on inflammatory effector macrophages 
(Fig. 3). To better understand the structural basis of sialylated Fc binding to 
DC-SIGN, Sondermann et al. [3] used circular dichroism spectrometry to examine 
alterations in Fc structure and found that sialylation induced significant structural 
alterations, from an “open” to “closed” state in the Q|2 domain of Fc (Fig. 2). 
CD23, a low-affinity receptor for IgE (Fig. 1), bound IgG upon Fc sialylation in a 
cell-based binding assay. On the basis of these results, they hypothesized that Fc 
domains undergo a shift between an “open” activating conformation and a “closed” 
anti-inflammatory state, thereby regulating Fc binding to FcyRs or DC-SIGN, 
which could be a general immunoregulatory mechanism for maintaining homeo- 
stasis. Crispin et al. [4] tested this hypothesis by means of X-ray crystallography 
but observed no conformational changes upon sialylation of Fc, whose structure 
was strikingly similar to that of a previously reported IgG-bearing nonsialylated 
Fc. Thus, the mechanism by which sialyl IgG Fc mediates anti-inflammatory 
activity remains unclear. 

Massoud et al. [15] observed that DC immunoreceptor, or DCIR, which is also a 
C-type lectin on DCs, mediates the effect of sialylated IVIG. In this case, the anti- 
inflammatory effect was associated with induction of Treg cells in an airway 
hyperresponsiveness model. This suggests that sialyl IgG can also be bound by 
DCIR, which induces inhibitory signaling and makes the DC tolerogenic. This 
mechanism differs from that of the DC-SIGN-FcyRIIB. Kasermann et al. [16] 
found that the action of IVIG on human monocytes in vitro depends on sialylated 
Fab rather than on the Fc portion. Additionally, a mechanism in human DCs for 
IVIG-mediated reciprocal regulation of Thl7 and Thl cells, and Treg cell induction 
is Fab-dependent [17], and DC-SIGN on DCs directly interacts with Fab of IVIG, 
thus inducing expansion of Treg cells [18], 

Taken together, these observations caution against oversimplification of the 
IVIG action of DC-SIGN and sialyl Fc and against overestimation of the sialyl 
Fc-DC-SIGN-FcyRIIB axis in different mouse disease models and its extrapola- 
tion to IVIG therapy in humans [19]. The mechanisms of action of IVIG involve a 
wide spectrum of Fab-mediated and, probably, distinct Fc-mediated mechanisms, 
which may or may not depend on IVIG sialylation. For example, upregulation of 
FcyRIIB expression by IVIG could not be confirmed by gene expression profiling, 
even in Kawasaki disease [20], von Gunten et al. [19] stressed that many of the 
disease-specific mechanisms of IVIG observed in mouse models must be validated 
in humans, as animal models offer only limited insight into human disease and 
might be biased due to the xenogeneic or species-specific properties of IVIG. 
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Conclusion 

DC-S1GN expressed on macrophages and DCs may be responsible for initiating 
IVIG Fc-mediated anti-inflammatory events leading to upregulation of FcyRIIB on 
effector macrophages. Because IVIG is a pluripotent drug, its mode of action allows 
for multiple scenarios, potentially including the sialyl Fc-DC-SIGN-FcyRIIB 
cascade. 
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Treatment Options for Refractory Kawasaki 
Disease: Alternative Treatments 
for Infliximab Nonresponders 


Shinichi Takatsuki, Kazuyoshi Saito, Fukiko Ichida, and Tsutomu Saji 


Abstract In a recent study, infliximab (IFX) therapy resulted in dramatic improve- 
ment in 85-90% of children with Kawasaki disease who did not respond to 
repeated intravenous immunoglobulin (IVIG) infusion or steroid therapy as 
second-line treatment. Although studies have confirmed the clinical efficacy and 
safety of IFX therapy in children with refractory Kawasaki disease, there is no 
consensus regarding treatment of IFX nonresponse, which is defined as the presence 
of persistent fever (>37 °C) despite optimal treatment. In a treatment algorithm 
from two Japanese institutions, IFX was given to children who did not respond to 
second IVIG or methylprednisolone pulse (IMP) therapy. Overall, 10-26 % were 
IFX nonresponders, and treatments for this group included IVIG, methylpredniso- 
lone pulse, and cyclosporin A. Persistent fever resolved in IFX nonresponders after 
these additional treatments, although some patients developed coronary artery 
abnormalities. There has been no evidence-based study of optimal treatment for 
IFX nonresponders. If fever or elevation of C-reactive protein does not resolve after 
IFX therapy, therapies other than IFX, such as re-IVIG, re-IMP, and other immu- 
nosuppressive agents, should be started. 

Keywords Infliximab • Intravenous immunoglobulin • Refractory Kawasaki 
disease • Methylprednisolone pulse 


Introduction 

Approximately 20% of children with Kawasaki disease (KD) have persistent or 
recurrent fever at or later than 36 h after initial intravenous immunoglobulin (IVIG) 
administration [1], Nonresponders to initial IVIG have a higher risk of developing 
coronary artery abnormalities (CAAs). A second dose of IVIG and steroid pulse 
therapy are used as second-line treatment strategies. However, a small subset of 
patients will remain febrile after such therapies. There are no guidelines for 
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management of these children, who have persistent inflammation and are at high 
risk for CAAs. Reported third-line therapies for refractory KD include infliximab 
(IFX). 

IFX is a humanized mouse monoclonal antibody that binds to tumor necrosis 
factor-a (TNF-a), a pro-inflammatory cytokine that has an important role in 
rheumatoid arthritis and other vasculitis syndromes. TNF-a levels are elevated in 
patients with acute KD [2], and the highest serum levels were observed in patients 
with CAAs [3], Clinical studies have investigated the effectiveness of IFX therapy 
for IVIG-resistant KD. Although several found that IFX had potential benefits for 
this population [4-6], a recent study reported that the incidence of IFX nonresponse 
was 11.2% [4]. Unfortunately, there have been no large studies of treatment 
strategies for this population. This chapter describes recent findings from patients 
with rheumatic disease and KD that did not respond to treatment with IFX. 


IFX Nonresponders 
IFX Therapy in KD 

In a recent study of IFX therapy for children with KD who did not respond to 
repeated IVIG infusion or steroid therapy, IFX resulted in dramatic improvements 
in 85-90 % of children, without treatment-related serious adverse events. In Japan, 
IFX therapy has been used since 2006 for cases of refractory KD. As was noted in 
previous US reports, Japanese patients with KD markedly improved, with no 
IFX-related adverse events [7-10]. These findings suggest that IFX therapy reduces 
the risk of subsequent CAAs in patients who have an unsatisfactory therapeutic 
response to conventional treatments. Numerous studies have confirmed the clinical 
efficacy and safety profile of IFX therapy in children with refractory KD. However, 
no treatment strategies for IFX nonresponders are available. 


IFX Nonresponse in Inflammatory Disease 

In pediatric populations, IFX has been approved for treatment of immune- 
modulated inflammatory disorders such as Crohn’s disease. Although data on IFX 
therapy in KD are limited, previous studies have investigated pediatric IFX non- 
responders with inflammatory bowel disease. In studies of children with Crohn’s 
disease, clinical improvement was observed in children treated with 5 mg/kg IFX. 
Additionally, disease activity frequently relapsed after discontinuation of IFX 
treatment. A previous study found that 29% of children with Crohn’s disease 
were unresponsive to IFX, whereas 29 % had a prolonged response after discontin- 
uation of IFX and 42% were dependent on IFX therapy [11]. Similarly, several 
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studies investigated clinical response to 1FX therapy in children with ulcerative 
colitis. Clinical improvement was not seen in approximately 25-35 % of these 
patients [12, 13]. 


Definition and Incidence of IF X Nonresponse in KD 

IFX nonresponse is defined as persistence of fever (>37 °C) despite optimal 
treatment for refractory KD, ie, IVIG or steroid. In a nonrandomized, open-label, 
single-center trial of 76 Japanese children unresponsive to additional IVIG therapy 
[5], 70 responded to IFX therapy. The remaining six children (8%), who were 
nonresponsive to IFX, were treated with plasma exchange. However, 12 of the 
76 patients (16%) developed coronary artery dilatation and three had CAAs, 
whereas five had coronary dilatation and one had a CAA before IFX administration. 
All CAAs resolved during follow-up. 

A phase III, randomized, double-blind, placebo-controlled trial of the clinical 
effect of IFX plus IVIG treatment on adverse outcomes in patients with refractory 
KD [4] showed no significant difference in the rate of treatment resistance (1 1.2 % 
for IFX vs 11.3% for placebo) or CAA incidence between the two groups at 
5 weeks, although the IFX group had faster resolution of fever and fewer days of 
hospitalization as compared with the placebo group. None of the patients who 
received IFX therapy developed serious adverse events. Children resistant to IFX 
received a second infusion of IVIG, but responsiveness was not described. The 
authors concluded that addition of IFX to IVIG as a first-line therapy did not reduce 
treatment resistance. 


Treatment of IFX Nonresponders 

In a treatment algorithm from two Japanese institutions, IFX was given to 
nonresponders to second IVIG or methylprednisolone pulse (IMP) therapy 
(Fig. 1). Overall, 26% of children were IFX nonresponders, and treatments for 
this group included IVIG (1 or 2 g/kg), IMP (15-30 mg/kg), and cyclosporin A 
(5 mg/kg/day, po). After these additional treatments, clinical improvements were 
noted in all nonresponders. There has been no evidence-based study of optimal 
treatment for children with KD who do not respond to IFX. Table 1 shows our 
proposed treatment for this population. Treatment options are based on those 
commonly used for other inflammatory diseases such as rheumatoid arthritis and 
Crohn’s disease. In a study of the rate and reasons for discontinuation of IFX 
therapy in adults with active rheumatoid arthritis during a 10-year follow-up period 
[14], 34 of 144 patients (24%) discontinued IFX therapy because of loss of 
effectiveness. Methotrexate and tacrolimus resulted in satisfactory clinical 
improvement in the treatment of rheumatoid arthritis in IFX nonresponders [15]. 
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1 st line 


2 nd line 


3 rd line 


4 th line 



Fig. 1 Treatment algorithm at two institutions. None of patients have development of new 
coronary artery abnormalities after IFX therapies. The 32nd annual meeting of the Japanese 
Society of Kawasaki Disease (unpublished data). CsA cyclosporin A, IFX infliximab, IVIG 
intravenous immunoglobulin, mPSL methylprednisolone 


Table 1 Proposed treatment 
plan for infliximab 
nonresponders 


1 . Re-IVIG treatment 

2. Steroid: prednisolone or methylprednisolone pulse 

3. Immunosuppressive agents 

(a) Other anti-TNF-a agent: etanercept, adalimumab 

(b) Cyclosporin A 

4. Plasma exchange 
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Transition to other TNF-a agents, such as etanercept and adalimumab, may also 
be effective for IFX nonresponders. Like IFX, etanercept is a TNF-a inhibitor and 
has been used as additional therapy for patients with refractory KD. Etanercept is 
approved by the US Food and Drug Administration for children older than 2 years 
with juvenile idiopathic arthritis. In an experimental study, etanercept significantly 
reduced arteritis severity as compared with IVIG, methylprednisolone, and cyclo- 
sporin A [16]. A mouse model of KD was induced by injecting Candida albicans 
water-soluble fractions. In a study of four agents, the severity of experimental 
vasculitis at 2 weeks was reduced by etanercept. Although IVIG and cyclosporin 
A attenuated inflammation, only etanercept significantly improved vasculitis. A 
prospective, open-label trial evaluated the clinical efficacy and safety profile in 
children with KD treated with etanercept [17]. The children, aged 6 months to 
5 years, were all IVIG-resistant. Three doses of etanercept (0.8 mg/kg/dose) were 
given subcutaneously within 2 weeks after IVIG and resulted in resolution of 
prolonged fever, without serious adverse events. No CAAs developed after 
etanercept infusion. These findings suggest that etanercept is a satisfactory alterna- 
tive immunosuppressive treatment for IVIG-resistant KD, although there are no 
data on etanercept treatment for KD patients who did not respond to IFX. 

Adalimumab is another anti-TNF-a agent and has been approved for adults with 
rheumatoid disease. It improved inflammatory markers in patients who did not 
respond to IFX or etanercept, without serious adverse events [18]. 

Although transition to other immunosuppressive treatment is effective for IFX 
nonresponders, uptitration of IFX is another method for treating unresolved clinical 
symptoms. In a randomized, double-blind study of the efficacy and safety of 10 mg/ 
kg and 3 mg/kg infliximab treatment for methotrexate-refractory rheumatoid arthri- 
tis [19], the higher dosage was beneficial for patients who had not responded to 
three infusions of 3 mg/kg. Incidence of adverse events did not differ between 
groups. 


Conclusion 

IFX nonresponse is defined as persistent fever despite optimal treatment. Approx- 
imately 10-26 % of children with KD are IFX nonresponders. However, there has 
been no evidence-based study of optimal treatments for this population. Treatments 
for IFX nonresponders include IVIG, methylprednisolone pulse, and cyclosporin A. 
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Ulinastatin 


Seiichiro Takeshita, Takashi Kanai, and Yoichi Kawamura 


Abstract In acute Kawasaki disease (KD), circulating neutrophils proliferate and 
are functionally activated as levels of reactive oxygen species and elastase increase. 
This suggests that neutrophil-mediated injury of endothelial cells is involved in the 
pathogenesis of KD vasculitis. Ulinastatin (urinary trypsin inhibitor; UTI) is a 
serine protease inhibitor and inhibits neutrophil-mediated injury of endothelial 
cells in vitro, mainly by inactivating neutrophil elastase. UTI has been used in 
Japan as an additional therapeutic option for KD patients resistant to initial treat- 
ment with high-dose intravenous immunoglobulin (IVIG). In a recent study, the 
percentage of KD patients requiring additional rescue treatment and incidence of 
coronary artery lesions were lower after initial UTI therapy combined with IVIG 
than after IVIG alone. UTI, in combination with IVIG, may thus be a candidate for 
initial treatment of KD. 

Keywords Ulinastatin • Neutrophil • Endothelial cell 


Introduction 

Human polymorphonuclear neutrophils ingest and destroy infectious agents and are 
thus important in host defense. Neutrophils contain a number of proteases in their 
granules, and these proteases are involved in the physiological processes of matrix 
proteolysis such as intercellular migration and tissue remodeling and repair 
[1, 2], However, if the activity of proteases secreted from neutrophils is 
uncontrolled or excessive, as in severe inflammatory disease, the extracellular 
matrix may be degraded, thereby leading to tissue self-destruction. The strongest 
serine protease, elastase, is stored in its active form in azurophilic granules and is 
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reported to be the primary agent of neutrophil-mediated injury of endothelial cells 
(ECs) [1], EC injury mediated by activated neutrophils is seen in systemic inflam- 
matory response syndrome, adult respiratory distress syndrome, and multiple organ 
failure [3], Ulinastatin (urinary trypsin inhibitor; UTI) is a glycoprotein derived 
from human urine and has a molecular weight of 67,000 Da. It is a serine protease 
inhibitor (SPI) and inhibits neutrophil elastase activity [4] and trypsin activity 
[5], UTI has clinical applications in the treatment of inflammatory disorders such 
as pancreatitis, circulatory shock, septic shock, adult respiratory distress syndrome, 
and disseminated intravascular coagulation [6]. 


Historical Overview 

Toxic neutrophils proliferate during acute Kawasaki disease (KD). These are 
morphologically characterized by cytotoxic vacuolization, swelling, and toxic 
granulation, with or without Dohle bodies, in conjunction with leukocytosis and 
leftward shift [7] (Fig. 1). Neutrophil apoptosis is inhibited during acute KD, and 
delayed neutrophil apoptosis may be related to proliferation of peripheral neutro- 
phils [8]. The function of neutrophils in early KD is enhanced, and there is a marked 
increase in oxygen intennediate production [9], Plasma neutrophil elastase and 
myeloperoxidase increase during acute KD [10]. A histopathological study found 
that numerous neutrophils (anti-elastase-positive neutrophils) infiltrate coronary 
arterial lesions (CAL) of KD patients at 7-9 days after onset, which suggests that 
neutrophils are involved in damage to coronary arteries [11]. Therefore, activated 
neutrophil-mediated EC injury may be involved in the pathogenesis of KD vascu- 
litis. If so, neutrophils are potential therapeutic targets in KD. 


Fig. 1 A toxic neutrophil 
collected from a patient 
with acute KD 



vacuolization 
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Current Understanding 

The several types of therapeutic SPIs have distinct functions. UTI and sivelestat 
sodium hydrate (SSH) inactivate neutrophil elastase, while other SPIs (gabexate 
mesilate, nafamostat mesilate, aprotinin, and argatroban) do not. In an in vitro 
study, UTI and SSH inhibited neutrophil-mediated EC injury, whereas other SPIs 
did not [12]. Furthermore, UTI and SSH inactivated extracellular elastase secreted 
by neutrophils and directly suppressed production of intracellular elastase in neu- 
trophils. Therefore, by protecting ECs against neutrophil-mediated injury, these 
drugs may be clinically beneficial in treating inflammatory diseases characterized 
by the presence of activated neutrophils. 

The therapeutic mechanisms of UTI vary (Fig 2) and include (1) activity inhi- 
bition of elastase and other proteases secreted from neutrophils, (2) suppression of 
protease secretion from neutrophils via stabilization of the lysosomal membrane, 

(3) suppression of extracellular release of reactive oxygen species from neutrophils, 

(4) inhibition of adhesion molecule expression on ECs, and (5) inhibition of 
neutrophil-EC adhesion and transendothelial migration of neutrophils [12-15], In 
addition, UTI may inhibit the inflammatory response by reducing release of 
proinflammatory cytokines (TNF-a, IL-6, and IL-8) [16]. 


Assigned Evidence Class and Recommendation 

Although high-dose intravenous immunoglobulin (IVIG) is the established initial 
treatment for acute KD, 15-20 % of KD patients are resistant to this therapy. CAL, 
including transient dilation on echocardiography during acute KD, develop in 



protease U 

reactive oxygen species U 
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neutrophils 
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Fig. 2 Inhibitory effect of ulinastatin (UTI) on neutrophil-mediated endothelial cell injury 
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appropriately 10 % of KD patients receiving IVIG therapy. The limited efficacy of 
IVIG therapy has led to research on other drugs for treatment of KD. Zaitsu 
et al. reported that UTI inhibits increased mRNA expression of prostaglandin H 2 
synthase-type 2 in KD, which suggests that it may be a useful additional therapeutic 
approach for KD [17]. UTI has been used in Japan as an additional option for KD 
patients who do not respond to initial IVIG treatment, but there have been no well- 
designed clinical studies of additional UTI therapy as a second-line treatment for 
KD. The level of evidence for additional UTI therapy for KD patients resistant to 
initial IVIG is Class lib (other quasi-experimental studies) and Grade C 
(recommended, but evidence is uncertain), according to the Clinical Guideline for 
Medical Treatment of Acute Stage Kawasaki Disease from the Scientific Commit- 
tee, the Japanese Society of Pediatric Cardiology and Cardiac Surgery [18]. 

UTI is usually administered by intravenous infusion, and a dose of 5,000 U/kg 
given 3-6 times/day (not to exceed 100,000 U/dose or 300,000 U/day) is suitable 
for KD patients. Although the possible side effects of UTI include anaphylaxis, 
liver dysfunction, leukopenia, rash, pruritus, and diarrhea, they are rare. No adverse 
events associated with UTI were observed in KD patients [19, 20]; thus, the drug is 
considered relatively safe. 


Recent Advances 

As mentioned above, neutrophils infiltrate CAL early in the course of KD [1 1] and 
produce elastase, various inflammatory cytokines, and superoxide anions, which 
may contribute to CAL formation [9, 10, 21]. Thus, UTI may be more clinically 
beneficial during initial treatment rather than as additional rescue (second-line) 
treatment. Iwashima et al. reported that initial therapy with UTI combined with 
IVIG had a better antipyretic effect than IVIG alone, and that use of UTI for initial 
treatment of KD may reduce the medical cost of IVIG therapy [19]. 

Recently, Kanai et al. reported that initial combined therapy with UTI and IVIG 
increased the success rate of initial IVIG treatment and thus reduced the proportion 
of KD patients that required additional rescue treatment [20]. Furthermore, as 
shown in Table 1, the incidence of CAL in the UTI group (UTI plus IVIG) was 
significantly lower than in the control group (IVIG alone), particularly among 
patients with a Gunma score (a predictor of IVIG unresponsiveness) of 7-1 1 points 
(ie, those at high risk of CAL, with extremely high specificity) [20]. Therefore, UTI 
may be effective for initial treatment of KD in combination with IVIG. The level of 
evidence for initial UTI therapy combined with IVIG is classified as Class Ha 
(nonrandomized controlled trials) and Grade B (recommended) for initial treatment 
in the Clinical Guideline for Medical Treatment of Acute Stage Kawasaki Disease 
from the Scientific Committee, the Japanese Society of Pediatric Cardiology and 
Cardiac Surgery. 
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Table 1 Development of coronary artery lesions [20] 


Gunma score 

Control group 

UTI group 

Crude OR 
(95 % Cl) 

P 

Adjusted OR 
(95 % CI) a 

P 

0-6 

41/1034 

7/300 

0.58 

0.19 

0.48 

0.08 

(4) 

(2) 

(0.26-1.31) 

(0.21-1.09) 

7-11 

39/141 

5/69 

0.20 

0.002 

0.21 

0.002 

(28) 

(7) 

(0.08-0.55) 

(0.08-0.57) 

All patients 

80/1178 

12/369 

0.46 

0.01 

0.32 

<0.001 

(7) 

(3) 

(0.25-0.86) 

(0.17-0.60) 


Data are proportions of patients with coronary artery lesions (CAL) in each category (%) 

OR odds ratio, Cl confidence interval 

“Adjusted OR for CAL in the UTI group was obtained using multiple logistic regression analysis 
adjusted for sex, Gunma score, and dosage of initial intravenous immunoglobulin (IVIG) (1 or 2 g/kg) 
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Diagnosis and Management 
of Cardiovascular Risk Factors 


Brian W. McCrindle 


Abstract Given that Kawasaki disease is a systemic vasculitis causing arterial 
dysfunction and injury, there is concern that this may contribute to atherosclerosis. 
While the vascular pathology differs from atherosclerosis, it is unclear whether 
traditional cardiovascular risk factors produce further injury or superimpose ath- 
erosclerotic changes. Most studies show that patients with a history of Kawasaki 
disease do not have a predisposition to cardiovascular risk factors, although those 
with ongoing coronary artery involvement may have chronic inflammation. None- 
theless, all patients should undergo assessment and management of cardiovascular 
risk factors to maintain optimal cardiovascular health across the lifespan. Lifestyle 
counselling for healthy behaviors is recommended as the cornerstone of manage- 
ment, and motivational interviewing is advocated as a more effective counselling 
technique. Specific attention should be focused on counselling for physical activity 
participation, particularly if a precaution is indicated. 

Keywords Atherosclerosis • Cardiovascular risk factors • Lifestyle management • 
Dyslipidemia • Inflammation 


Introduction 

While data suggest that, in the long-term, patients who have had Kawasaki disease 
(KD) without cardiac sequelae have mortality rates equivalent to that of the 
general population[l], questions remain as to whether these patients are at 
increased risk for premature or accelerated atherosclerosis and cardiovascular 
(CV ) disease. This controversy is driven by sometimes conflicting reports regard- 
ing the presence of traditional and nontraditional CV risk factors, the nature of the 
chronic vascular process in coronary arteries, and the extent and nature of abnor- 
malities in unaffected coronary artery segments or other systemic arteries. Using 
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pathology specimens obtained at various intervals during and after the acute 
episode from 41 patients who had severe coronary artery involvement, Orenstein 
et al. characterized both a chronic vasculitis and a process of luminal 
myofibroblastic proliferation, which were also noted in some patients in non- 
coronary arteries and veins [2]. Often superimposed on this pathology was the 
presence of organizing and/or organized thrombus. Imaging studies have variously 
documented and characterized coronary artery lesions, which were interpreted as 
atherosclerosis. Atherosclerosis is a nonspecific vascular response to injury from 
cardiovascular risk factors, often mediated by endothelial damage and dysfunc- 
tion, some features of which may overlap with the vascular processes of KD. The 
degree to which the vascular processes of KD interact with CV risk factors and 
atherosclerotic processes is not known. Nonetheless, it seems prudent that patients 
who have had KD be screened and managed for CV risk factors [3]. 


Cardiovascular Risk Factors and Vascular Disease 

KD patients and normal control subjects have been reported to differ in CV risk 
factors. Regarding lipids, KD patients may have lower levels of high-density 
lipoprotein cholesterol (HDL-C), lower levels of apolipoproteins AI and All, and 
higher levels of triglycerides. These differences in lipid levels are more prominent 
during and soon after the acute illness but may persist over the long term in some 
patients [4, 5]. The structure and function of HDL particles are adversely affected 
by inflammation, and correlations of HDL changes in KD patients with acute and 
chronic markers of inflammation and severe coronary artery involvement have been 
reported [6j. Ongoing abnormalities in other lipid levels, as compared with normal 
controls, have not been noted [7]. with the exception of a single study, which 
reported that higher total cholesterol and low-density lipoprotein cholesterol 
(LDL-C) levels were associated with increased arterial stiffness [8], The impact 
of observed HDL changes on CV risk in KD patients is not known. Likewise, KD 
patients do not appear to have abnormal blood pressure or blood pressure regula- 
tion, although one study noted reduced night-time dipping on ambulatory blood 
pressure monitoring [9]. KD patients do not appear to have abnormal glucose 
homeostasis, although one case-control study did note higher levels of glycosylated 
hemoglobin [9]. A higher prevalence of obesity has not been reported, although one 
study reported lower levels of physical activity [10]. It would appear that KD 
patients do not have important differences in their profile of traditional CV risk 
factors. 

There is some evidence that KD may be associated with a chronic inflammatory 
state, particularly in patients with important and ongoing coronary artery aneu- 
rysms. Examination of pathology specimens showed evidence of chronic inflam- 
matory vasculitis in some patients who died with severe coronary artery 
involvement [2]. Clinical studies have noted higher levels of inflammation bio- 
markers in KD patients and a variable relationship to coronary artery complications. 
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There is evidence that inflammation promotes atherosclerosis, both directly and as a 
mediator of the effects of traditional CV risk factors [11]. 

Several studies have suggested that KD patients may have systemic arterial 
abnormalities indicative of a chronic vascular process or early atherosclerosis. 
Case-control studies using noninvasive vascular measures have variably shown 
increases in arterial stiffness, intima-media thickness, and endothelial dysfunction, 
and a varying relationship to the degree of coronary artery involvement. It is not yet 
known whether these systemic arterial abnormalities are of clinical importance or, 
importantly, if they are indicative of a predisposition to accelerated atherosclerosis. 
Regardless, HMG CoA-reductase inhibitors, or statins, have been used in a few 
small studies, primarily to target potentially beneficial pleiotropic effects, with 
some evidence that these agents improve endothelial function, reduce arterial 
stiffness, reduce oxidative stress, and reduce inflammation in KD patients [12, 13]. 


Assessment 

In 2006, a scientific statement from the American Heart Association identified 
pediatric populations at risk for premature CV disease [3]. KD patients with current 
coronary artery aneurysms were defined as high-risk based on clinical evidence of 
manifest coronary artery disease before age 30 years. KD patients with regressed 
aneurysms were defined as moderate-risk based on pathophysiological evidence of 
accelerated atherosclerosis. KD patients without coronary artery involvement were 
defined as at-risk based on presumed epidemiological evidence of a high-risk 
setting for accelerated atherosclerosis. However, the evidence base for this classi- 
fication is not robust. Nonetheless, it was recommended that all KD patients 
undergo careful assessment of CV risk factors and behaviors. This recommendation 
has been incorporated into KD management guidelines in North America [14] and 
Japan [15]. The assessment can be included as part of cardiology care or primary 
health care for these patients. The need for more in-depth assessment depends on 
the presence of detected abnormalities, but patients with ongoing coronary artery 
abnormalities may require periodic routine assessment. 

Recommendations for assessment are outlined in Table 1 [16]. Assessment 
should include a detailed medical history of associated conditions that increase 
CV risk, such as diabetes. A detailed family history of premature CV disease and 
CV risk factors should be obtained. Lifestyle behavior assessment should evaluate 
diet, activity and sedentary pursuits, smoking, and sleep. Physical examination 
should include assessment of blood pressure and anthropometric measures. Fasting 
blood work should be obtained to assess lipids and glucose homeostasis. Charac- 
terization of abnormalities should be based on defined cutpoints derived from 
population-based data, which are available in the Expert Panel integrated CV risk 
guidelines [17]. Additionally, actionable cutpoints for KD patients may be lowered 
depending on the extent of coronary artery abnormalities, as well as the presence of 
multiple CV risk factors [3]. 
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Table 1 Assessment for cardiovascular risk factors 


Family history 

Early cardiovascular disease, defined as angina, myocardial infarction, sud- 
den cardiac death, stroke, and coronary artery interventions in a parent, 
grandparent, aunt, or uncle, occurring in males <55 years or females 
<65 years of age 

Dyslipidemia, hypertension, smoking, obesity, or diabetes in first-degree 
relatives 

Dyslipidemia 

Fasting lipid profile 

Hypertension 

Measure on three separate occasions; determine percentile for systolic and 
diastolic blood pressure, based on age, gender, and height percentile 

Dysglycemia 

Medical history for type 1 or 2 diabetes 

Fasting glucose, hemoglobin Ale 

Overweight/ 

obesity 

Measure height and weight; calculate and plot body mass index 

Measure waist circumference; plot or calculate waist/height ratio 

Lifestyle 

behaviors 

Eating behaviors and dietary quality 

Type, frequency, duration, and intensity of physical activity 

Type and time spent in sedentary pursuits 

Tobacco use and smoke exposure 

Sleep habits: duration and quality 


Management 

KD patients with CV risk factors require treatment similar to that recommended for 
the general population. In general, the cornerstone of management is adoption of 
healthy lifestyle behaviors, although selected patients may require drug therapy for 
specific risk factors that fail to respond to lifestyle management and exceed 
cutpoints indicating high risk. Overweight/obesity is likely to be the predominant 
risk factor and may further compound overall risk by its association with other risk 
factors, particularly dyslipidemia, hypertension, and type 2 diabetes. The presence 
of multiple risk factors exponentially accelerates atherosclerosis; hence, patients 
with KD should be assessed and counseled with a view to prevent CV risk factors 
and facilitate early and effective intervention. It is not known if treatment of CV 
risk factors alters the KD vascular processes or outcomes. 


Lifestyle Management 

All KD patients should be counseled to adopt healthy lifestyle behaviors (Table 2) 
[16]. This can be done by the cardiologist or primary care provider and may involve 
ancillary personnel such as nurses, dieticians, and activity counselors. Overweight 
and obese patients may require more intensive support, including referral to weight 
management programs and assessment for additional comorbidities. Counseling 
regarding physical activity for the KD patient needs to be calibrated to additional 
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Table 2 Targets of lifestyle management 


Diet 

Avoid skipping meals 

Increase daily intake and variety of fruits and vegetables 

Reduce consumption of refined starches 

Reduce consumption of protein sources (primarily meats) high in saturated 
fat/cholesterol; more fish 

Change food preparation to reduce frying and added fat and salt 

Change fat consumption from saturated fats to mono-/polyunsaturated fats 

Eliminate consumption of foods with trans fats 

Increase intake of dietary fiber 

Increase intake of dietary calcium (eg, fat-free or fat-reduced dairy products) 

Reduce intake of junk food snacks and highly processed foods 

Eliminate sugar-sweetened beverages 

Reduce restaurant/fast-food meals/snacks 

Assess and counsel regarding appropriate meal portion sizes 

Physical 

activity 

Increase daily time spent in moderate to vigorous physical activity 

Accumulate 1 h of moderate to vigorous physical activity every day 

Participate in vigorous physical activity at least 3 days per week 

Counsel regarding precautions related to KD (eg, anticoagulation, ischemia) 

Give clear and written instructions 

Counsel with a goal to promote physical activity 

Sedentary 

pursuits 

Limit overall leisure screen time (television, video games, computer, phone/ 
devices) to no more than 1-2 h per day 

Sleep 

Avoid caffeinated beverages and other stimulants 

Improve sleep environment 

Remove media from sleeping room 

Improve sleep habits 

Regular and reasonable bedtime; relaxing bedtime routine 

Smoking 

Eliminate passive smoke exposure 

Counsel smoking prevention 

Counsel smoking cessation; provide support and resources 


factors, such as cautioning about contact/trauma for those on anticoagulation 
therapy and restrictions on extreme exertion for those at risk for cardiac ischemia 
and those with arrhythmia. All patients, regardless of precautions, should be 
counseled to participate, and the emphasis should be on promoting physical activity 
[17]. It is important to ask families if they have any questions or concerns about 
physical activity. 

Lifestyle counseling should be supportive and nonjudgmental. Motivational 
interviewing has emerged as an effective counseling technique that guides patients 
to find their own intrinsic motivation and strategies for achieving behavior change. 
The patient sets the agenda and the counselor elicits and supports arguments for 
change in an empathetic manner that respects patient autonomy [17]. 
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Drug Therapy 

Selected patients with high levels of risk factors may additionally require drug 
therapy, although this would be expected to be a small proportion of patients. 
Antihypertensive drug therapy is recommended for patients with Stage 2 hyperten- 
sion (blood pressure >99th percentile + 5 mmHg, based on age and sex and height 
percentile), Stage 1 hypertension (blood pressure >95th percentile), or secondary 
hypertension that has not responded to lifestyle management, and those with 
symptoms, target organ damage (increased left ventricular mass), or associated 
diabetes [16, 18, 19]. Patients considered for drug therapy should be assessed for 
left ventricular hypertrophy, and 24-h ambulatory blood pressure monitoring may 
useful in defining blood pressure burden and response to therapy [20]. There is 
insufficient evidence to recommend a specific initial agent. 

Statin therapy may be indicated for high LDL-C levels [16]. A statin is 
recommended for patients older than 10 years with an LDL-C >190 mg/dL 
(4.90 mmol/L), who are likely to have an underlying familial dyslipidemia. If 
LDL-C is <190 mg/dL but >160 mmol/L (4.10 mmol/L), a statin is indicated if 
the patient has a positive family history of premature CV disease or if other risk 
factors are present, which may include KD with regressed or current coronary artery 
aneurysms. Statins may be recommended for selected patients with an LDL-C 
>130 mg/dL (3.35 mmol/L), but a greater number of risk factors must be present. 
It has been estimated that about 0.85 % of the pediatric population will meet the 
criteria for statin therapy [21]. KD patients rarely require a statin for treatment of 
dyslipidemia, although, as mentioned previously, an argument for empiric statin 
therapy has been suggested. For patients with isolated low HDL-C, treatment is 
usually focused on lifestyle management and optimizing LDL-C levels. For 
patients with significant hypertriglyceridemia, lifestyle management is 
recommended, particularly decreased sugar intake and increased intake of dietary 
fiber and omega-3 fatty acid (fish, fish oil). Rarely patients will require drug therapy 
and should be referred to a lipid specialist. 


Summary 

After KD, patients should be assessed for CV risk factors and counselled regarding 
healthy lifestyle behaviors; a select few may require drug therapy for management 
of dyslipidemia or hypertension. Obesity prevention and management are important 
goals. Counselling should address anxieties and concerns regarding physical activ- 
ity, particularly if precautions are indicated, and all should be allowed to partici- 
pate. Patients with regressed or ongoing coronary complications require continuing 
monitoring for CV risk factors and may merit lower thresholds for initiating specific 
therapies. The aim should be to promote and protect overall CV health across the 
lifespan for these at-risk patients. 
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Diagnosis and Characteristics of Typical 
and Incomplete Kawasaki Disease 


Mamoru Ayusawa and Keiji Tsuchiya 


Abstract Kawasaki disease (KD) is diagnosed on the basis of six characteristic 
symptoms, and several reference findings are used to confirm the diagnosis. Most 
patients are younger than 5 years. Fever is the first sign of KD in most patients, and 
although Japanese guidelines give equal weight to fever and the other five symp- 
toms, the American Heart Association guidelines regard fever as indispensable to a 
KD diagnosis. The other principal signs are bilateral bulbar conjunctival injection, 
changes in the lips and oral cavity, polymorphous exanthema, changes in the 
extremities (including membranous desquamation from the fingertips), and cervical 
lymphadenopathy, which is less frequent than the other five symptoms. If KD is 
suspected in a patient with four or fewer principal symptoms, incomplete KD is 
diagnosed. Careful differential diagnosis is necessary in such cases because patients 
with incomplete KD can develop coronary artery aneurysms. 

Keywords Diagnostic criteria • Principal symptoms • Conjunctival injection • 
Strawberry tongue • Desquamation • Cervical lymphadenopathy • Bacille 
Calmette-Guerin (BCG) inoculation site 


Introduction 

Kawasaki disease (KD) is diagnosed on the basis of its characteristic symptoms. 
Although Kawasaki first described KD approximately 50 years ago [1], the cause 
has not been determined. Diagnosis is based on the presence of six characteristic 
symptoms. Reference findings are used to confirm the diagnosis. The Fifth Edition 
of the Japan Diagnostic Guideline (Table 1) was published in 2003 by the 
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Table 1 Diagnostic guidelines for Kawasaki disease 

This is a disease of unknown cause that most frequently affects infants and children younger than 
5 years. The symptoms can be classified as principal symptoms and other significant symptoms 
or findings 


Principal symptoms 


1. 

Fever persisting 5 days or longer (inclusive of cases in whom fever has subsided before the 
fifth day in response to therapy) 

2. 

Bilateral conjunctival congestion 

3. 

Changes of lips and oral cavity: reddening of lips, strawberry tongue, diffuse injection of 
oral and pharyngeal mucosa 

4. 

Polymorphous exanthema 

5. 

Changes in peripheral extremities. Initial stage: reddening of palms and soles, indurative 
edema; Convalescent stage: membranous desquamation from fingertips 

6. 

Acute non-purulent cervical lymphadenopathy 


At least five of these items must be satisfied for a diagnosis of Kawasaki Disease. However, 
patients with four of the principal symptoms can be diagnosed with Kawasaki Disease when 
coronary aneurysm or dilatation is confirmed by 2-D echocardiography or coronary angiography. 


Other significant symptoms or findings 


The following symptoms and findings should be considered in the clinical evaluation of 
suspected patients: 


1. 

Cardiovascular: auscultation (heart murmur, gallop rhythm, distant heart sounds), electro- 
cardiogram changes (prolonged PR/QT intervals, abnormal Q wave, low-voltage QRS 
complexes, ST-T changes, arrhythmias), chest X-ray findings (cardiomegaly), 2-D echo 
findings (pericardial effusion, coronary aneurysms), aneurysm of peripheral arteries other 
than the coronary artery (axillary etc.), angina pectoris or myocardial infarction 

2. 

Gastrointestinal tract: diarrhea, vomiting, abdominal pain, hydrops of gall bladder, paralytic 
ileus, mild jaundice, slight elevation in serum transaminase 

3. 

Blood: leukocytosis with leftward shift, thrombocytosis, increased erythrocyte sedimenta- 
tion ratio, positive C-reactive peptide, hypoalbuminemia, increased a2-globulin, slight 
decrease in erythrocyte and hemoglobin levels 

4. 

Urine: proteinuria, increase in leukocytes in urine sediment 

5. 

Skin: redness and crust at site of Bacille Calmette-Guerin inoculation, small pustules, 
transverse furrows of the fingernails 

6. 

Respiratory: cough, rhinorrhea, abdominal shadow on chest X-ray 

7. 

Joint: pain, swelling 

8. 

Neurological: cerebrospinal fluid pleocytosis, convulsion, unconsciousness, facial palsy, 
paralysis in extremities 


Remarks 


1. 

For item 5 under principal symptoms, the convalescent stage is considered important. 

2. 

During the acute phase, non-purulent cervical lymphadenopathy is less frequent (approxi- 
mately 65 %) than the other principal symptoms. 

3. 

Male:female ratio, 1.3-1. 5:1; patients younger than 5 years, 80-85 %; mortality rate, 0.1 %. 

4. 

Recurrence rate, 2-3 %; proportion of siblings cases, 1-2%. 

5. 

Other diseases can be excluded and KD is suspected in approximately 10 % of all patients 
with fewer than five of the six principal symptoms. Coronary artery aneurysms (including 
so-called coronary artery ectasia) have been confirmed in some of these patients. 


MCLS: Infantile Acute Febrile Mucocutaneous Lymph Node Syndrome, The 5th Revised Edition, 
February 2002 [3] 
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Committee for the Diagnostic Guideline of KD, which was supported by the Japan 
Ministry of Health, Labour and Welfare [2], 


Patient Characteristics 
Age 

The diagnostic guideline indicates that KD is more common in infants younger than 
5 years. In the 21st Nationwide Survey of Japan (NSJ) [3], which analyzed cases 
during 2009-2011, 88% of all registered patients were in this age group. In an 
analysis of 6-month age groups, the largest proportion of cases was among children 
aged 6-1 1 months (16 % of all cases), followed by those aged 12-17 months (13 % 
of cases). Although KD has been reported in newborns, school-age children, and 
even adults, incidence is low in these groups. 


Sex 

The male:female ratio for KD incidence is approximately 1.5:1. In the NSJ for 
2009-2010, incidence was 247.5 per 100,000 males and 196.9 per 100,000 females. 
Coronary artery lesions (CALs) were more prevalent in males than in females; 
however, the number and severity of symptoms during acute KD did not differ by 
sex [3]. 


Symptoms and Diagnostic Criteria 
Principal Symptoms ( Table 1) 

The characteristics of the six principal symptoms used to diagnose KD are 
described below. 


Fever 

Fever is the first sign of KD in most patients. However, the definition of fever is 
somewhat confusing. The Japanese Society of Kawasaki Disease (JSKD) defines a 
significant fever as an axillary body temperature of 37.5 °C or higher or an oral or 
rectal temperature of 38.0 °C or higher. Typically, an axillary temperature of 
greater than 38.0 °C to 40.0 °C is the first symptom of KD, regardless of the 
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Fig. 1 Distribution of patients (2009-2010 Nationwide Survey in Japan). The right-hand axis 
shows the percentage totaled up on and before each day of illness (for the line graph); the left-hand 
axis shows the percentage for each day (for the bar graph) 


presence of the other principal KD symptoms. The previous Japanese diagnostic 
guideline (Fourth Edition) stated that fever resistant to antibiotic treatment was a 
definitive characteristic of KD; however, this was removed from the Fifth 
Edition of the guideline, as it was felt that antibiotic use should not be necessary 
to confirm a KD diagnosis. Recent NSJ data show that 41.4% of KD patients 
present for treatment by the third day from onset, and 65.8 % do so by the 
fourth day. As a result, approximately 30% of patients were treated with 
intravenous ’/-globulin (IVIG) before the fourth day from onset (Fig. 1). There- 
fore, the present diagnostic guideline also includes “patients in whom fever has 
subsided before the fifth day in response to therapy”. The Diagnostic Guidelines 
of the American Fleart Association (AHA) [4] indicate that in a patient with 
more than four of the principal criteria, a KD diagnosis can be made on day 
4 of illness. Experienced clinicians who have treated many KD patients may be 
able to establish a diagnosis before day 4. 

The AHA guidelines regard fever as an indispensable symptom in KD diagnosis, 
and it is therefore described separately from the other five symptoms. In the 
Japanese literature, there have been reports of patients without fever who presented 
with the other five symptoms, were diagnosed as having KD, and ultimately 
developed coronary artery aneurysms [5], Therefore, the Japanese guidelines give 
equal weight to fever and the other five symptoms. According to the 17th NSJ, for 
2001-2002, the rate (frequency) of fever was 99.3% (23 of 16,952 cases were 
afebrile ) [3], 
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Fig. 2 Bilateral conjunctival injection 


Bilateral Bulbar Conjunctival Injection (Fig. 2) 

Conjunctiva bulbi is bilateral diffuse redness of the conjunctiva. This condition is 
not a result of conjunctival infection; thus, there is little eye discharge, and pain and 
photophobia are infrequent. Small vessels on the conjunctiva expand and fill with 
blood, and the eyes exhibit a similar degree of redness. This frequency of this 
symptom is close to that of fever: 92.6 % in the 17th NSJ. Iritis is another infrequent 
ocular manifestation of KD and is described under the category “other significant 
symptoms or findings”. 


Changes in the Lips and Oral Cavity (Fig. 3) 

Reddening of the lips, strawberry tongue, and diffuse injection of oral and pharyn- 
geal mucosae of various degrees may develop. Mild bleeding of the lips has been 
reported. The greatest difference with Stevens-Johnson syndrome is that patients 
with KD never develop oral erosions or ulcers. There is no pus or white coating of 
the tonsils. The frequency of oral symptoms was 89.3 % in the 17th NSJ. 


Polymorphous Exanthema (Fig. 4) 

The typical skin manifestation of KD resembles polymorphous exudative exan- 
thema or urticaria with fever. A macular spotty rash may also develop, although 
vesicles are rare. Skin manifestations are not always diffusely distributed and 
frequently appear on the mucocutaneous borders, eg, around the umbilicus or 
genital mucosa in infants and young children. These manifestations sometimes 
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Fig. 3 Reddened lips and strawberry-like tongue 



Fig. 4 Exanthema 

resolve within several hours or half a day and may thus be missed. The frequency of 
these symptoms was 88.4% in the 17th NSJ. 


Changes in Extremities (Fig. 5) 

Erythema of the palms and soles, called indurative edema, may develop during 
acute KD. Typically, the hands and feet are edematous and have a shiny appear- 
ance. Marked swelling may be present, without pitting edema. When these areas are 
touched during physical examinations, patients easily cry and complain of pain. 
Edematous swelling may complicate the identification of veins for injection. 
Membranous desquamation from the fingertips may develop during recovery. 
This usually begins after defervescence, when blood inflammatory markers are 
improving. This condition does not cause pain or discomfort. The overall frequency 
of changes in the extremities was 81.9% in the 17th NSJ. At one of the present 
author’s centers, the frequency of indurative edema was 73 % during acute KD, and 
desquamation was noted in 14% of cases during the convalescent stage. However, 
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Acute phase recovery phase 


(adute phase) indurative edema of hands and paws, or erythema of palms and soles 
(recovery phase) membranous desquamation from fingertip 
Fig. 5 Change of hands and feet 

these frequencies appear to be decreasing, probably because treatment now tends to 
be started during the acute stage, before peak symptom severity. 


Acute Nonpurulent Cervical Lymphadenopathy (Fig 6) 

Typical cervical lymphadenopathy usually presents as swelling that resembles a 
bowl being placed upside-down on one side of the neck. Erythema is present in 
some patients. The condition is usually very painful, and patients typically refuse to 
be touched around the affected side of the neck. When it is possible, palpation 
reveals no fluctuation. Cervical lymphadenopathy is one of the principal KD 
symptoms, and experienced pediatricians have proposed that a finding of swollen 
nodes with a diameter of 15 mm or larger is consistent with a KD diagnosis. These 
nodes resemble acute purulent lymphadenopathy. Before 1980, when KD was 
sometimes treated by physicians in specialties other than pediatrics, swollen 
lymph nodes were sometimes punctured and aspirated but failed to yield fluid or 
pus. This procedure is unnecessary if other KD symptoms are present. 

Ultrasonographic assessment of lymph nodes may provide important information. 
Tashiro et al [7] noted that, in most patients with KD, ultrasonographic assessment of 
cervical lymphadenopathy shows multiple enlarged lymph nodes measuring 
5-10 mm in diameter. This finding resembles lymphadenopathy observed in 
Epstein-Barr virus infection but differs from bacterial lymphadenopathy, which is 
usually a well-defined single mass with a large, central hypoechoic component. 

The frequency of lymphadenopathy in KD differs by age (Fig. 7). It was 60.4 % 
among 1 1,357 patients 2 years or younger and 85.3 % among 5595 patients 3 years 
or older. The overall frequency of cervical lymphadenopathy was 68.6 % in the 17th 
NSJ [6]. In patients older than 3 years, fever and large, painful cervical 
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Fig. 6 Cervical lymphadenopathy (non-purulent) 
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Fig. 7 Cervical lymphadenopathy of KD (Based on data from The 17th Nationwide Survey 
in Japan) 


lymphadenopathy are often the only two initial symptoms that persist for several 
days. As it is difficult to distinguish KD from purulent lymphadenitis, cultures, 
puncture biopsy specimens, and aspirate of the lymph node are often examined and 
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antibiotics given, but with negative results. Other KD symptoms appear within 
7-10 days from the onset of these initial two signs. This course occurs in about 30 % 
of older KD patients. 

Some patients rotate their neck to the “cock-robin position” of atlantoaxial 
subluxation, a condition known as Grisel syndrome [8, 9], This occurs when 
patients attempt to avoid pain and their neck remains fixed even after all KD 
symptoms have disappeared and the patient has been discharged. Recovery usually 
requires 2-3 months of treatment with a brace, physiotherapy, or psychological 
therapy. 


Definition of Final Diagnosis 

KD is diagnosed when five or six principal symptoms are present, or when four 
symptoms are present and coronary artery aneurysm or dilatation is observed on 
2-D echocardiography or coronary angiography. In the JNS, the former is catego- 
rized as “definitive KD (A)” and the latter as “definitive KD (B)”. According to data 
from 2011 to 2012, definitive KD (A) accounted for 78.4 % of all registered patients 
and definitive KD (B) accounted for 1.8 % of patients. Because the prevalence of 
coronary artery complications has dramatically decreased, definitive KD (B) now 
accounts for a much smaller proportion of KD cases. 

The remaining 19.8% of cases present with four principal symptoms and no 
coronary artery complications or three or fewer symptoms, ie, incomplete KD 
(iKD). Careful differential diagnosis is necessary in such cases. Although the 
frequency of iKD was approximately 10%, according to the Remarks section in 
the Fifth Edition of the Japanese diagnostic guideline, issued in 2003, it has been 
increasing recently, and the process of diagnosing iKD is now a topic of consider- 
able interest. 

One report found that patients with definitive KD (A), ie, those with six principal 
symptoms, were more likely to have CALs than those with five symptoms [10], 

The diagnostic guidelines include other significant symptoms and findings that 
assist in KD diagnosis. Some of these representative findings must be confirmed for 
every suspected case. 


Other Significant Symptoms or Findings 
Gastrointestinal Tract 
Gall Bladder Swelling 

Most cases are accompanied by liver dysfunction and sometimes right upper 
abdominal pain. Ultrasonography shows a swollen gall bladder and edematous 
gall bladder wall. The condition improves gradually without treatment. 
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Liver Dysfunction 

Serum alanine aminotransferase (ALT) and asparagine aminotransferase (AST) 
increase to about 50-500 IU/L in approximately 30 % of cases. This usually occurs 
during the early acute phase. Most patients improve without treatment, but bile 
congestion and jaundice develop rarely. 


Paralytic Ileus 

Paralytic ileus may develop during the early acute phase of severe KD. Typical 
complaints are abdominal pain and vomiting. Hypoalbuminemia is worsened by 
fasting. 


Urine Analysis 

Increased leukocyte sedimentation (>10 per high-power field) is an important 
finding in diagnosing KD, especially in infants younger than 6 months. 


Erythema or Induration at the BCG Inoculation Site: (See 
Principal Symptom 4, Fig. 8) 


Erythema or induration develops at the BCG inoculation site within 1 year in 
80-90 % of patients. The specificity of this symptom for a KD diagnosis is very 
high because it is rare in other diseases. In countries that offer BCG inoculation. 
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including France, South Korea, Russia, and Japan, erythema or induration at the 
inoculation site is a characteristic and quite specific finding for KD. However, it is 
not included as a principal symptom because it is limited to children younger than 
2 years (ie, within approximately 1 year after BCG injection). 


Cardiovascular Symptoms 

During early acute KD, echocardiography may show pericarditis with pericardial 
effusion and carditis or myocarditis with left ventricular (LV) dysfunction. Myo- 
cardial enzymes are not always elevated in patients with LV dysfunction. Careful 
auscultation can reveal pericardial friction rub, distant heart sound, and gallop 
rhythm. Carditis/myocarditis often complicates left-side valve insufficiency. Mitral 
regurgitation is a frequent finding during early acute KD and improves without 
treatment, although treatment with IVIG and aspirin may be helpful. Aortic regur- 
gitation is rare but sometimes develops during or after convalescence and may 
gradually worsen [11], 

Approximately 20 % of KD patients develop coronary artery dilatation or aneu- 
rysm, including transient caliber change, usually after the seventh day from onset. 
However, incidence has decreased due to improvements in treatment. 

Details of cardiac involvement are described in other chapters. 


Other Symptoms 

Facial nerve palsy is a rare complication during the acute stage and may persist for 
several months. However, incidence seems to be decreasing due to improvements 
in KD treatment. In rare severe cases, loss of consciousness due to encephalitis or 
encephalopathy, and death, have been reported. 

During convalescence, some patients have wheezy cough or rhinorrhea. 


Incomplete KD 

As mentioned above, greater attention is being paid to iKD. Some reports indicate 
that iKD cases are increasing among children aged 10 years or older and in infants 
younger than 6 months. 

In 2010, the JSKD indicated that the term “atypical KD” is inadequate for 
describing iKD. This term had previously been used for KD cases with an unusual 
clinical course. The 17th NSJ summarized the patient distribution with respect to 
the number of the six principal symptoms that were observed (Fig. 9). Patients with 
five or six principal symptoms accounted for 83.8 % of the total. Although patients 
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Fig. 9 Patients distribution (left circle) and Incidence of CAL ( right bar ) by number of KD 
principle symptoms (Data from the 17th NSI: 2001-2002) 


with four symptoms accounted for 11.7 % of cases, 18.1 % of these patients (2.1 % 
of all patients) had detectable CALs (4/6+CAL in Fig. 9). Therefore, the 9.6 % of 
patients with four of the principal symptoms but no CALs (4/6-CAL in Fig. 9), the 
3.5 % with three symptoms, the 0.8 % with two symptoms, and the 0.1 % with one 
symptom were classified as iKD cases (overall frequency, 14.0%) [12]. 

The incidence of coronary artery complications with respect to number of 
confirmed principal symptoms is shown in Figure 9 (bar graphs). Patients with 
fewer symptoms (iKD) were more likely to have CALs. However, it may be that 
some iKD cases were diagnosed because CALs were detected despite the limited 
number of principal symptoms (<3). To diagnose iKD, it is essential to differentiate 
it from the conditions listed in Table 2. 

Although we cannot conclusively determine whether all iKD is the same disease 
as typical KD, it is clear that some iKD patients have a high risk of CALs. Even 
when KD cannot be diagnosed according to standard criteria by the seventh day 
from onset, in the absence of an alternate diagnosis, treatment for iKD (usually 
IVIG) should be considered because of the imminent possibility of changes in the 
coronary artery wall. 

In patients with four or fewer principal symptoms, laboratory data are helpful in 
diagnosing KD. Although inflammatory markers such as WBC and C-reactive 
protein may not be markedly elevated, liver enzymes (AST, ALT) and leukocyte 
sedimentation in urine should be carefully monitored. Brain natriuretic peptide 
(BNP) and N-terminal pro BNP may also reflect iKD vasculitis [13, 14], unless 
cardiac dysfunction is detected by echocardiography. An AHA statement [3] 
proposed additional items in the diagnosis of iKD, including fever of unknown 
origin persisting longer than 7 days in an infant younger than 6 months, serum 
albumin of 3.5 g/dl, anemia, elevated ALT, platelets >450,000/mm 3 , WBC 
>15,000, or urine WBC > 10/high-power field. Additional findings of interest are 
brightness of the coronary artery wall on imaging, lack of tapering, decreased left 


www.ketabpezeshki.com 


66485457-66963820 


Diagnosis and Characteristics of Typical and Incomplete Kawasaki Disease 


267 


Table 2 Differential diagnosis of Kawasaki disease: diseases and disorders with similar clinical 
findings 


Infections 

Viral infections (eg, measles, adenovirus, enterovirus, Epstein-Barr 
virus, influenza virus) 

Bacterial cervical lymphadenitis 

Yersinia pseudotuberculosis infection 

Streptococcal infection: scarlet fever, cellulitis 

Staphylococcal scalded skin syndrome 

Chlamydia pneumoniae 

Candida albicans 

Mycoplasma pneumoniae 

Rickettsia orientalis 

Rocky Mountain spotted fever 

Leptospirosis 

Immunological reaction/ 
disorder 

Toxic shock syndrome 

Drug hypersensitivity reactions, Stevens-Johnson syndrome 

Vaccinations (vaccines for measles, smallpox, DPT) 

After bums 

Insect bite (bee) 

Stevens-Johnson syndrome 

Hemophagocytic syndrome 

Mercury hypersensitivity reaction (acrodynia) 

Juvenile rheumatoid arthritis 


Table 3 Harada score [15]: Indications for IVIG therapy (compiled using data from 865 cases 
from 18 centers) 


1 . 

Male sex 

2. 

Age <12 months 

3. 

WBC > 12,000/mm 3 

4. 

Platelets <350,000/mm 3 

5. 

CRP >4.0 mg/dl (3+) 

6. 

Hct <35 % 

7. 

Serum albumin <3.5 g/dl 


Data should be collected before the ninth day from onset 


IVIG is indicated when four or more criteria are satisfied 


In the calculation, the lowest values for platelets, Hct, and serum albumin and the highest 
values for WBC and CRP should be used 


ventricle function, mitral regurgitation, pericardial effusion, and enlargement of the 
coronary artery on echocardiography. 

If iKD is suspected, the Harada score (Table 3) may be helpful in determining if 
IVIG is indicated. This scoring system has very high specificity; thus, patients for 
which IVIG is determined to be unnecessary seldom develop CALs [15, 16]. 
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Summary 

When KD is suspected, the number of confirmed principal symptoms should be 
assessed daily. The patient’s clothing should be removed before physical examina- 
tion to allow for careful observation of mucocutaneous areas such as the umbilicus 
and genitals. BCG scars should also be carefully examined. 
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Scoring Systems to Predict Coronary Artery 
Lesions and Nonresponse to Initial 
Intravenous Immunoglobulin Therapy 

Tohru Kobayashi 


Abstract Several scoring systems have been developed to predict formation of 
coronary artery lesions in patients with Kawasaki disease. The initial objective of 
such scoring systems was to identify indications for cardiac catheterization and 
intravenous immunoglobulin treatment. Currently, the objective is to predict 
response to initial intravenous immunoglobulin treatment. In Japan, three scoring 
system have been developed and are being used clinically. 

Keywords Risk score • Coronary artery lesion • IVIG non-response 


Introduction 

On the basis of clinical experience treating Kawasaki disease (KD) patients, several 
researchers developed risk scoring systems to stratify KD patients according to the 
risk of coronary artery abnormalities (CAAs) or nonresponse to intravenous immu- 
noglobulin (IVIG). Such stratification allows individualized medical treatment 
and/or diagnostic testing. The present chapter reviews the history of the develop- 
ment of scoring systems and discusses potential improvements. 


History of Scoring Systems 

In the 1970s until the 1980s, ie, before 2-dimensional echocardiography was widely 
used for routine monitoring of all KD patients, physicians focused on determining 
the optimal indications for cardiac catheterization and coronary angiography, 
because invasive procedures were the only means to identify coronary artery 
lesions. In 1983, Asai [1] proposed the first scoring system to determine indications 
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for cardiac catheterization. It comprised 15 variables, including duration of fever, 
clinical symptoms, demographic characteristics, clinical data, and laboratory, elec- 
trocardiographic, and radiographic findings. This Asai and Kusakawa score 
(Table la) was confirmed to be a powerful predictor of coronary artery aneurysms 
in a number of studies. However, after 2-dimensional echocardiography became 
widely used in clinical settings in the late 1980s, the utility of this system waned. At 
around the same time, the efficacy of intravenous immunoglobulin (IVIG) therapy 
was being reported in Japan and the United States. [2,3] Although the mechanisms 
responsible have not been identified, IVIG therapy is clearly effective in preventing 
CAA formation. However, at that time, many physicians in Japan were concerned 
about the potential adverse effects of IVIG and sought to limit IVIG administration 
to patients at high risk for CAA formation. Several scoring systems [4—6] were 
developed to determine indications for IVIG treatment (Tables lb, lc and Id). 
Among them, the Harada score was used by many Japanese physicians to determine 
whether IVIG therapy was indicated. However, their subsequent experience indi- 
cated that IVIG was safe for KD patients. When IVIG became the primary treat- 
ment for KD, the Harada score, like the Asai and Kusakawa score, was no longer 
necessary. 

In the United States, Beiser et al. [7] developed an instrument to predict CAAs. 
The assessment included baseline neutrophil and band counts, hemoglobin concen- 
tration, platelet count, and temperature on the day after IVIG infusion (Fig. 1). This 
instrument was able to identify low-risk children for whom extensive and frequent 
echocardiography within 1 day of treatment would be unnecessary. However, the 
positive predictive value was less than satisfactory; therefore, the American Heart 
Association recommended that all KD patients should be treated with IVIG [8]. 


Table la Scoring systems for predicting risk of coronary artery lesions. Asai and Kusakawa score 
(Low risk, <5 points; moderate risk, 6-8 points; high risk, >9 points) 


Variable 

2 points 

1 point 

0 points 

Sex 


Male 

Female 

Age at onset (years) 


<1 

>1 

Duration of fever (day) 

>16 

14-15 

<13 

Double-peaked fever 

Observed 


Not observed 

Double-peaked skin eruption 


Observed 

Not observed 

Hemoglobin (g/dL) 


<10 

>10 

White blood cell count (/mm 3) 

>30.000 

26,000-29,999 

<26,000 

ESR (mm/hr) 

>100 

60-100 

<60 

Days of illness until normalization of CRP or ESR 

>30 


<30 

Double-peaked CRP or ESR 

Observed 


Not observed 

Cardiomegaly 


Observed 

Not observed 

Arrhythmia 


Observed 

Not observed 

Q/R ratio increase in leads II, II, and aVF 

Observed 


Not observed 

Myocardial infarction attack symptom 

Observed 


Not observed 

Recurrent case 


Observed 

Not observed 
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Table lb Scoring systems 
for predicting risk of coronary 
artery lesions. Nakano Score 
(high risk, <0 points; low 
risk, >0 points) 


Variable 

Category 

Points 

Age at onset, y 

<1 

-1 


1-2 

0 


>3 

+ 1 

CRP 

0 to 1+ 

+2 


2+ to 4+ 

+ 1 


5+ 

0 


6+ 

-3 

Platelet count 

<30 x 10 4 /mm 3 

-1 


>30 x 10 4 /mm 3 

+ 1 


Table lc Scoring systems 
for predicting risk of coronary 
artery lesions. Iwasa Score 
(high risk, >0 points; low 
risk, <0 points) 


Scoring 

—0.01557 x age in months 


+1.004 x gender (male 1, female 0) 


—0.01501 x red blood cell count (10 4 /mm 3 ) 


+0.1 129 x hematocrit (%) 


— 1.965 x albumin (g/dL) 


+8.462 


Table Id Scoring systems 
for predicting risk of coronary 
artery lesions. Harada Score 
(high risk, >4 points; low 
risk, <3 points) 


Variable 

Cut-off 

Points 

White blood cell count 

> 12,000/m 3 

1 

Platelet count 

<350,000/m 3 

1 

CRP 

>3+ 

1 

Hematocrit 

<35% 

1 

Albumin 

<3.5 g/dL 

1 

Age in months 

<12 

1 

Gender 

Male 

1 


Scoring System to Predict Nonresponse to Initial IVIG 

Approximately 10-20 % of patients with KD have persistent or recurrent fever after 
primary therapy with IVIG. Many studies have shown that nonresponders to initial 
IVIG are at increased risk of developing CAAs, ie, nonresponse to initial IVIG is a 
surrogate endpoint for CAA fonnation. Thus, new scoring systems were developed 
in order to identify patients likely to be resistant to IVIG and who thus might benefit 
from more aggressive initial therapy. In 2000, Fukunishi et al. [9] reported that KD 
patients with a C-reactive protein concentration (CRP) >10 g/dL, lactate dehydro- 
genase >590 IU/L, and/or hemoglobin <10 g/dL before initial treatment (Table le) 
were likely to be nonresponders to divided dosing of initial IVIG (300 or 400 mg/ 
kg/dose for 3-5 days). Although the predictive values were encouraging (>80 % 
sensitivity and specificity), the scoring system was not validated and not frequently 
used by physicians. 
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Fig. 1 Sequential 
classification scheme 
(Beiser et al. [7]) 



Table le Scoring systems for predicting risk of coronary artery lesions. Fukunishi Score 
(high risk>=l point; low risk, 0 points) 


Variable 

Cut-off 

Points 

Flemoglobin 

10 g/dL 

1 

LDH 

>590 IU/L 

1 

CRP 

>10 mg/dL 

1 


ESR erythrocyte sedation rate, CRP C-reactive protein, AST aspartate aminotransferase, LDH 
lactate dehydrogenase 


In 2006, three Japanese groups reported new scoring systems to predict 
nonresponse to initial high-dose IVIG. The Kobayashi score (Table 2a) [10] was 
based on a multiple logistic regression analysis of 750 consecutive patients given 
IVIG (1 g/kg for 2 consecutive days) plus aspirin (30 mg/kg/day). In this scoring 
system, if a laboratory test is performed twice or more before initial therapy, the 
highest value is chosen for aspartate aminotransferase, %neutrophils, and CRP, 
while the lowest value is chosen for sodium and platelet count. Patients with KD are 
defined as high-risk if they have a total score of 5 points or higher. Sensitivity and 
specificity for predicting nonresponse to initial IVIG were 76 % and 80 %, respec- 
tively (area under the receiver-operating-characteristic curve, 0.83). The Kobayashi 
score was validated in a Japanese cohort treated with a single dose of IVIG 2 g/kg 
plus aspirin. [11] The Egami score (Table 2b) [12] was based on a multiple logistic 
regression analysis of 320 patients treated with IVIG (2 g/kg as a single dose) plus 
aspirin (30 mg/kg/day) within 9 days of fever onset. This scoring system used 
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Table 2a Recent scoring systems to predict nonresponse to initial intravenous immunoglobulin 
therapy. Kobayashi score (high risk, >5 points; low risk, <4 points) 


Variable 

Cut-off 

Points 

Sodium 

<133 mmol/L 

2 

Day of illness at initial IVIG (= KD diagnosed) 

Day 4 or earlier 

2 

AST 

>100 IU/L 

2 

Neutrophil ratio 

>80% 

2 

CRP 

>10 mg/dL 

1 

Platelet counts 

<30.0 x 10 4 /mm 3 

1 

Age, months 

<12 

1 


Table 2b Recent scoring systems to predict nonresponse to initial intravenous immunoglobulin 
therapy. Egami score (high risk, >3; low risk <2 points) 


Variable 

Cut-off 

Points 

ALT 

>80 IU/L 

2 

Day of illness at initial IVIG (= KD diagnosed) 

Day 4 or earlier 

1 

CRP 

>8 mg/dL 

1 

Platelet counts 

<30.0 x 10 4 /mm 3 

1 

Age, months 

<6 

1 


Table 2c Recent scoring systems to predict nonresponse to initial intravenous immunoglobulin 
therapy. Sano score (high risk, 2 points; low risk, 0-1 points) 


Variable 

Cut-off 

Points 

AST 

>200 IU/1 

1 

Total bilirubin 

>0.9 mg/dl 

1 

CRP 

>7 mg/dl 

1 


laboratory data obtained at the time of a KD diagnosis. With a cut-off of 3 or more, 
the sensitivity was 78 % and the specificity was 76 % (area under the receiver- 
operating-characteristic curve, 0.79). The Sano score (Table 2c) [13] was also 
developed using a multiple logistic regression analysis of 112 patients given 
IVIG (1 g/kg for 2 consecutive days). When the cut-off was set to >2, the sensitivity 
and specificity for predicting resistance to IVIG were 77 and 86 %, respectively. 

These three scoring systems were developed using similar methods, and the 
variables included in the systems are quite similar. This suggests that the three 
scoring system have mutually confirmed reproducibility. In addition, the three 
research groups used their respective scoring systems to stratify KD severity for 
intensification of initial therapy [14-16]. The promising results are encouraging for 
further development of better scoring systems and therapeutic strategies. 

In the United States, Tremoulet et al. (Table 2d) [17] developed a scoring system 
to predict nonresponse to initial IVIG, using a database of 362 patients who 
received IVIG (2 g/kg for a day). With a cut-off of 2 or more, the Tremoulet 
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Table 2d Recent scoring systems to predict nonresponse to initial intravenous immunoglobulin 
therapy. Tremoulet score 


Variable 

Cut-off 

Points 

% Bands 

>20 

2 

Day of illness at initial IVIG (= KD diagnosed) 

Day 4 or earlier 

1 

y-GTP 

>60 IU/L 

1 

Hemoglobin z score 

<— 2 

1 


score had a sensitivity of 73 % and a specificity of 62 % and low predictive value as 
compared with the Japanese scoring systems. They also assessed the reproducibility 
of the Egami score in their San Diego cohort: the Egami score had insufficient 
sensitivity (38.3%) but adequate specificity (83.8%). Sleeper et al. [18] and Fu 
et al. [19] also applied three Japanese scoring systems to a multi-ethnic US 
population and a Han Chinese population in China; however, the predictive values 
for the scoring systems differed. Better predictive models, perhaps incorporating 
other biomarkers or genetic markers, are needed for countries other than Japan. 
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Hideo Ono, Hidekazu Ichida, and Motoyuki Yamashita 


Abstract Coronary artery aneurysms caused by Kawasaki disease (KD) often 
progress to obstructive arterial lesions. Patients are therefore followed up through- 
out their lives by X-ray coronary angiography (CAG). However, CAG is invasive, 
hazardous, and expensive. Noninvasive magnetic resonance coronary angiography 
(MRCA) has remarkably improved. Since 1999, we have used MRCA to evaluate 
more than 1200 patients with KD, 262 of whom also underwent follow up with 
MRCA. We found that MRCA was useful in evaluating all types of coronary artery 
lesions during all stages of KD [1, 2], In addition, when black-blood imaging 
sequences were used, MRCA clearly detected artery walls and thrombi in aneu- 
rysms [1,2]. These imaging techniques are recommended to minimize use of CAG. 
Magnetic resonance myocardial imaging is likely to replace radioactive-isotope 
myocardial imaging. 

Keywords Coronary aneurysms • Intimal thickening • Thrombus • Recanalized 
vessels 


Introduction 

Coronary artery lesions (CAL) due to KD are monitored by X-ray coronary 
angiography (CAG) throughout the patient’s life. Infants with severe CAL need 
to be examined frequently, and children with CAL experience considerable psy- 
chological and physical stress at CAG examinations. Therefore, many adolescent 
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and adult patients neglect or refuse follow-up for severe CAL. Magnetic resonance 
coronary angiography (MRCA) has remarkably improved and can detect all forms 
of CAL caused by KD (which can be detected by CAG), as well as artery walls and 
thrombi in aneurysms [2] (which cannot be detected by CAG). Multidetector-row 
computed tomography (MDCT) is also efficient in detecting CALs but requires 
breath-holding and bradycardia, which are impossible for young children. Exposure 
to radiation and use of contrast medium are other important limitations of this 
technique, especially for children who need frequent MDCT. 


Procedure 

We used a 1.5-T Gyroscan Master gradient system with release 9 software from 
1999 until 2010. An Achieva 1.5-T device with release 3.2 software was used from 
2010 to 2013, and an Ingenia 1.5-T device with release 4.1 software has been used 
since 2013 (Philips Electronics System Co). These devices yield clearer images 
with shorter examination times and pennit us to use various sequences during 
examination. 

MRCA was performed using the steady-state free precession (SSFP) sequence 
[3], “Bright-blood imaging” was used for whole-heart image scanning (slice thick- 
ness, 0.7-0. 8 mm), followed by proton density-weighted black-blood imaging 
(“black-blood imaging”), such as 2-D black-blood spiral k-space order TFE (spiral 
BB) [4] for manual target short-axis scanning (slice thickness, 2-3 mm) and volume 
isotropic TSE Acquisition (VISTA-BB) [5] for whole-heart image scanning (slice 
thickness, 0.7-0. 8 mm). Black-blood imaging was able to detect thrombi in aneu- 
rysms and coronary artery walls. 

The procedure was performed without sedation, and with free breathing, in 
patients 8 years or older. Children younger than 8 years were given sleeping 
medication: those younger than 3 years were given sodium trichloroethyl phosphate 
syrup 1 .0 mL/kg, and those aged 3-7 years were given thiopental sodium 2-A mg/ 
kg by intravenous infusion. A percutaneous oxygen monitor was attached and 
observed by a pediatrician during the examination. 


MRCA: Indications in Patients with KD 

More than 1200 KD patients underwent MRCA assessment, including: 

(1) patients with severe CAL requiring intensive coronary angiographic moni- 
toring, (2) patients with aneurysm or slight transient dilatation during acute KD on 
2-D echocardiography (MRCA was performed in the convalescent phase, to con- 
firm CAL and arterial wall thickness), (3) patients undergoing aortocoronary bypass 
surgery, who were evaluated before and after surgery, (4) patients who declined 
CAG and withdrew from follow-up of CAL but returned for MRCA assessment. 
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(5) patients with no CAL who developed new chest pain or arrhythmia, and 

(6) young woman with CAL who desired to have children. 

MRCA is noninvasive and convenient and requires about 1-1.5 h at an outpa- 
tient clinic. Therefore, it is useful for frequent follow-up of severe CAL, occasional 
follow-up of less severe CAL, and for confirming the absence of CAL. 


Advantages of MRCA 


MRCA is advantageous for children because it does not require radiation exposure, 
contrast medium, breath-holding, or a decrease in heart rate. The only challenge is 
that patients must remain still for 1 h or longer during the examination, but this 
limitation is easily addressed by the safe use of sleeping medication. 

CAG cannot display the ridges of large aneurysms, because the contrast medium 
does not satisfactorily fill the huge aneurysmal lumen (Fig. 1). Injection of a large 
amount of contrast medium over an extended time period can result in dangerous 


1) Aneurysm: age 3 2) Thrombus : age 3) Occlusion: age 4 4) Recanalization: 5) Recanalization: 

years 11 months 4 years 4 months years 11 months age 5 years 5 age 13 years 9 

months months 



Fig. I Progression of giant aneurysm on right coronary artery. Onset of KD (age 3 years 

8 months). CAG and MRCA were performed at age 3 years 11 months. CAG could not clearly 
detect the ridge of the giant aneurysm. Age 4 years 4 months. A thrombus in the aneurysm appears 
as a dark shadow on SSFP (arrow). On Spiral-BB, a grey circle surrounds the black-blood flow at 
the cross-section of the aneurysm (dotted line shows the cross-section). Age 4 years 1 1 months. 
The aneurysm is occluded by the thrombus (high-signal mass). Ages 5 years 5 months and 13 years 

9 months. Right coronary artery is recanalized. Neovascularization, with a few tiny lumens and 
rings (“lotus root” appearance), can be seen in cross-sections of Spiral-BB and VISTA-BB images. 
SSFP: steady-state free precession, CAG: coronary angiography, Spiral BB: spiral k-space order 
TFE black blood, VISTA BB: volume isotropic TSE Acquisition black blood 
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Fig. 2 Progression of thrombus in aneurysm. Onset of KD (age 4 months). Thrombus in an 
aneurysm on the left coronary artery appears as a white mass on Spiral BB at age 3 years. The 
thrombus had changed shape and location at age 5 years. At age 9 years, the mass of the thrombus 
had disappeared, and thin membranes and tiny polyps were seen in the aneurysm lumen. These 
aneurysm structures were detected by 2-D echocardiography for the first time at age 1 1 years (from 
an abstract for the 11th International Kawasaki Disease Symposium) 


ventricular flutter or cardiac arrest. MRCA can detect aneurysms of any size 
(Fig. 1), including those with very large lumens. It can also be used to assess 
thrombi in aneurysms, thickened artery walls, and even developed vasa vasorum in 
thickened aneurysm walls. Fresh thrombi cannot be detected by 2-D echocardiog- 
raphy [6] but appear on MRCA at a very early phase, probably at the time of blood 
flow delay. Occluded aneurysms (Fig. 1) are not detectable by CAG or MDCT, but 
are detectable on MRCA. 

Turbulent aneurysm flow can develop into a large thrombi. Such thrombi often 
have a small number of tiny lumens and rings (the so-called “lotus root” appear- 
ance) [7] (Fig. 1). This finding suggests neovascularity in thrombi (Fig. 1). Thrombi 
often change shape, location in aneurysms (Fig 2), and size. Some disappear and 
some develop into recanalized vessels [7]. 

We have recently begun to use the VISTA BB sequence routinely, and thin 
membranes in the aneurysm lumen (probably a fibrin net) and tiny polyps on the 
intima were often detected in images (Fig. 3) [8], which suggests that VISTA-BB 
slice thickness is thin enough to detect fine structures. In contrast, the thick slices 


www.ketabpezeshki.com 


66485457-66963820 



Use of Magnetic Resonance Angiography for Assessment of Coronary Artery. . . 


283 


1) Age 1 year 2) Age 8 years 3) Age 14 years 6 

5 months: 6 months: months 

thrombus Recanalized vessels 



Fig. 3 Membranous tubes in aneurysm. Onset of KD (age 1 year 3 months). CAG at age 1 year 
5 months revealed a thrombus in the aneurysm. CAG at age 8 years 8 months detected recanalized 
vessels. Intravascular ultrasound (IVUS) was performed at age 14 years 6 months, and thin 
membranous tubes were observed as walls of recanalized vessels. These tubes fluttered in the 
blood flow 

used for Spiral BB have a “partial volume effect” [8], which tends to overestimate 
the larger solid mass of a thrombus (Fig. 2). 


Limitations of MRCA 

The number of localized stenoses tends to be overestimated on SSFP. We therefore 
recommended simultaneous use of black-blood methods [2] and magnetic reso- 
nance myocardial imaging in patients with severe stenosis [1], 

The quality of MRCA images depends on radiologist skill, and such skill is 
acquired only with considerable experience. The cost/performance ratio for MRCA 
assessment of children is poor because examination using all protocols requires 
more than 1 h and sleeping children must be observed by a doctor during the 
examination. Only a few hospitals have the resources to provide MRCA for 
children. 


Conclusion 

Noninvasive MRCA is a useful method for CAL detection and follow-up, espe- 
cially for children with severe CAL, which require intensive monitoring. Thrombi 
in aneurysms are very changeable. MRCA is thus the best method for frequent 
observation. 


www.ketabpezeshki.com 


66485457-66963820 


284 


A. Suzuki et al. 


References 


1. Stuber M, Botnar R M . Danias PG, Sodickson DK, Kissinger KV, Van Cauteren M, 
et al. Double-oblique free-breathing high resolution three-dimensional coronary magnetic 
resonance angiography. J Am Coll Cardiol. 1999;34(2):524— 3 1 . http://dx.doi.org/10.1016/ 
S0735-1097(99 )00223-5 PMID: 10440168. 

2. Suzuki A, Takemura A, Inaba R, Sonobe T, Tsuchiya K, Korenaga T. Magnetic resonance 

coronary angiography to evaluate coronary arterial lesions in patients with Kawasaki disease. 
Cardiol Young. 2006; 16(6):563-7 1 . http://dx.doi.org/10.1017/S1047951106001168 

PMID: 171 16270. 

3. Takemura A, Suzuki A, Inaba R, Sonobe T, Tsuchiya K, Omuro M, et al. Utility of coronary MR 
angiography in children with Kawasaki disease. AIR Am I Roentgenol. 2007;188(6):W534—9. 
http://dx.d 0 i. 0 rg/l 0.22 1 4/AIR.05 .1414 PMID: 17515343. 

4. Ahn CB, Kim JH, Cho ZH. High-speed spiral-scan echo planar NMR imaging-I. IEEE Trans 
Med Imaging. 1986;5(l):2-7. http://dx.doi.org/10.1109/TMI.1986.4307732 PMID: 18243976. 

5. Sakurai K, Miura T, Sagisaka T, Hattori M, Matsukawa N, Mase M, et al. Evaluation of luminal 
and vessel wall abnormalities in subacute and other stages of intracranial vertebrobasilar artery 
dissections using the volume isotropic turbo-spin-echo acquisition (VISTA) sequence: a pre- 
liminary study. I Neuroradiol. 2013;40( 1): 19—28. http://dx.doi.Org/10.1016/j.neurad.2012.02. 
005 PMID:22633047. 

6. Suzuki A. Standardization of the findings of coronary arterial lesions on echocardiography. 
Pediatric MOOK. 1986;1:160-70. 

7. Suzuki A, Kamiya T, Ono Y, Kinoshita Y, Kawamura S, Kimura K. Clinical significance of 
morphologic classification of coronary arterial segmental stenosis due to Kawasaki disease. Am J 
Cardiol. 1993;71(13):1 169-73. http://dx.doi.org/10.1016/0002-9149(93)90641-0 PMID:8480642. 

8. Gonzalez Ballester MA, Zisserman AP, Brady M. Estimation of the partial volume effect in 
MRI. Med Image Anal. 2002;6(4):389^105. http://dx.doi.org/10.1016/S1361-8415(02)00061- 
0 PMID: 12494949. 


www.ketabpezeshki.com 


66485457-66963820 


CT Coronary and Myocardial Images 
in Patients with Coronary Artery Lesions 


Hiroshi Kamiyama 


Abstract Coronary computed tomographic angiography (CCTA) is a next- 
generation modality that can be used instead of coronary catheterization. It can 
be useful in evaluating coronary artery lesions after Kawasaki disease (KD) if 
physicians are mindful of its three drawbacks, namely, the use of beta-blockade, 
use of contrast medium, and exposure to radioactivity. CCTA has potential advan- 
tages in comparison with MR coronary angiography, including better spatial reso- 
lution, shorter imaging time, easier operation, and better visualization of collateral 
circulation characteristic to KD. Myocardial perfusion imaging (MPI) using 
technetium-labeled agents is practical in assessing coronary perfusion in patients 
with myocardial ischemia or infarction after KD. Both rest and stress imaging are 
essential for evaluating myocardial ischemia or infarction by means of a 1-day 
protocol, but a 2-day protocol should be used when evaluating infants with phar- 
macologic stress. A comprehensive plan is required, including control of body 
movement, ensuring a sufficient interval (and a high-fat meal) between adminis- 
tration of agents and acquisition, the use of the Monzen position during acquisition, 
and ensuring the patient consumes soda water immediately before acquisition. The 
Japanese Society of Nuclear Medicine proposes using pediatric-appropriate doses 
of nuclear agents. Combined evaluation with CCTA and MPI is the new standard 
for managing patients with coronary artery lesions after KD. 

Keywords Coronary • Computed tomography • Myocardial perfusion • Nuclear 
medicine • Radioactive exposure 
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Beyond Cardiac Catheterization 

Coronary computed tomographic angiography (CCTA) has surpassed selective 
coronary angiography by cardiac catheterization. Multislice spiral CT was first 
used, in 2003, to evaluate coronary artery lesions after Kawasaki disease (KD) in 
adolescents [1], One report noted that multislice spiral CT had a sensitivity of 
100% in detecting coronary artery aneurysms after KD, as determined by cardiac 
catheterization [2], Furthermore, CCTA is less invasive than cardiac catheteriza- 
tion, as advanced CCTA uses satisfactorily low doses of radioactivity. Combined 
evaluation with CCTA and myocardial perfusion imaging (MPI) promises high 
diagnostic ability in patients with severe coronary artery lesions after KD. 


Coronary Computed Tomographic Angiography 
Overview 

CCTA is useful for patients with coronary artery lesions after KD and for those with 
congenital coronary artery abnonnalities and congenital heart disease, among other 
conditions. Recent high-end CT, such as area detector CT, can visualize coronary 
arteries in patients unable to hold their breath, such as those younger than 5 years. 
CCTA is indicated for any patient likely to benefit from the procedure. 


Indications for CCTA 

The Japanese guidelines for diagnosis and management of cardiovascular sequelae 
in KD [3] specify that coronary artery imaging should be performed for patients 
with coronary aneurysm in the second year or later after onset or stenosis. CCTA is 
controversial for patients with regression of coronary artery dilatation after less 
than 1 year. CCTA can be used to evaluate such patients if the three drawbacks of 
CCTA are considered, namely, use of beta-blockade, use of contrast medium, and 
radioactive exposure. 


Three Drawbacks of CCTA 

The risks and benefits of CT scanning should be evaluated when considering its 
indications. 
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Beta-Blockade 

Beta-blockade is necessary before CT scanning, to maintain appropriate patient 
heart rate, which can lower radioactive exposure. However, additional administra- 
tion of beta-blockade may not be effective in controlling heart rate. For pediatric 
CCTA, a beta-blocker such as metoprolol should be administered at a dose of 
0.6-0. 8 mg/kg, without additional use. 


Contrast Medium 

Iodine concentration and dose of contrast medium should be carefully considered. 
A low or moderate iodine concentration is sufficient to visualize the coronary artery 
in CCTA [4], although a high iodine concentration, 350-370 mgl/ml, is usually 
used for adults [5]. A lower concentration and viscosity of contrast medium at a 
level of 320 mgl/ml and at a mean dose of 0.8 ml/kg is sufficient to prepare the 
coronary artery for CCTA in children. 


Radioactive Exposure 

Radioactive exposure must be carefully considered, in consultation with Interna- 
tional Commission on Radiological Protection recommendations. Four factors 
should be considered in attempting to reduce radioactive dose. (1) Carefully define 
the target, which could be level of stenosis, aneurysm size, or collateral circulation. 
The target selected will determine the scanning parameters. (2) Patient age and 
clinical characteristics should be carefully considered in planning the scan. It might 
be sufficient for scans of infants to visualize coronary artery lesions favorite sites 
including each proximal coronary artery. (3) It is important to calculate cumulative 
radioactive dose, because repeated examinations are needed for patients with 
coronary artery lesions after KD. (4) We need to carefully consider measures to 
reduce radioactive exposure. 


Advantages of CCTA 

Advantages of CCTA as Compared with Magnetic Resonance Coronary 
Angiography 

CCTA is superior to magnetic resonance coronary angiography in (1) spatial 
resolution — a small slice thickness should be used, to achieve high spatial resolu- 
tion, (2) imaging time — one volume scan enables short imaging time with a breath- 
hold of 2-3 s, if area detector CT is used, and (3) ease of operation — specialized 
technical expertise is not needed for routine CCTA. 
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Fig. 1 Giant aneurysm and severe stenotic lesion after KD in a boy aged 6 years. The giant 
aneurysm (arrow) at the proximal left anterior descending coronary artery is visualized in a 
volume-rendered image (a) and is covered with severe calcifications (b). A severe stenotic lesion 
(arrow) adjacent to the calcified giant aneurysm is clearly visualized before surgery in a 
multiplanar reconstructed image (c). Bypass graft patency (large arrow) with a well developed 
distal left anterior descending coronary artery (arrows) is seen 1 year after surgery (d, e) 


CCTA Advantages in Patients with Coronary Artery Lesions After KD 

CCTA can produce excellent images of collateral circulation, a characteristic of 
KD. High-end CT can eliminate partial volume effects, which sometimes result in 
false-positive results for culprit lesions with severe concentric calcification, a 
characteristic of KD. Figures 1 a-e show a series of CCTA images before coronary 
arterial bypass graft surgery and 1 year after surgery in a 6-year-old boy with a giant 
aneurysm and severe stenotic lesions after KD. 
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Cardiac Radionuclide Imaging 
Category 

Cardiac radionuclide imaging includes myocardial perfusion imaging (MPI), imag- 
ing of myocardial fatty acid metabolism using 1-123 beta methyl-iodophenyl- 
pentadecanoic acid (BMIPP), and imaging of cardiac sympathetic nerve function 
using 1-123 metaiodobenzylguanidine (MIBG). Myocardial ischemia or infarction 
in patients after KD should be evaluated by MPI. Because technetium (Tc)-labeled 
myocardial perfusion agents (eg, Tc-99m sestamibi and Tc-99m tetrofosmin) have 
a shorter half-life than thallium-201 chloride, they are very suitable for SPECT 
imaging and result in far less radioactive exposure, which is particularly important 
when examining children. 


Indications for MPI 

MPI is widely used in adult ischemic heart disease and is useful in evaluating 
coronary perfusion in patients with myocardial ischemia or infarction after KD or 
due to congenital coronary arterial abnormalities, including anomalous origin of the 
left coronary artery from the pulmonary artery [6]. The Japanese guidelines for the 
diagnosis and management of cardiovascular sequelae in KD [3] recommend that 
MPI should be performed if a patient has trouble with a remaining coronary 
aneurysm in the second year or later after onset or stenosis. MPI is controversial 
for patients with regression of coronary arterial dilatation within 1 year. The 
indications for MPI should be carefully considered for patients with regression. 


Planning of Rest and Stress Imaging for MPI 

One-Day Protocol 

Both rest and stress imaging are essential in the evaluation of ischemia or infarction 
by MPI. The 1-day protocol is the standard for assessment of patients with coronary 
artery lesions after KD. In this protocol, Tc-labeled stress imaging is scheduled first, 
following by rest imaging, in the pediatric population (Fig. 2) [7]. 


Two-Day Protocol 

A 2-day protocol is required for infants who need pharmacologic sedation for 
imaging, patients with missing data, and patients with possible severe ischemia or 
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99m Tc: Technetium-labeled agent 


Fig. 2 Schedule for a technetium-labeled stress-first 1-day protocol for myocardial perfusion 
imaging: institutes will decide whether the first image is a stress or rest image. Exercise or 
pharmacological stress should be scheduled before the examination, which depends on patient 
age, physical findings, and background characteristics. The interval between the initial and second 
administrations of the technetium-labeled agent should be longer than 2 h, and the second dose is 
2-3 times the first dose. The time interval should be longer than 30 min between administration of 
the technetium-labeled agent and image acquisition. A high-fat meal, such as cocoa, cow’s milk, or 
a sandwich with an egg topping, is given to patients during the waiting period between adminis- 
tration of the technetium-labeled agent and image acquisition 

infarction. Pharmacologic stress MPI is usually performed for children because it is 
impossible for infants and children younger than 6 years to undergo exercise stress 
testing. Rest imaging should be performed first in case of coronary events, followed 
by stress imaging 2-3 days later. 


Outline of Stress Imaging 

Exercise Stress Imaging 

Exercise is recommended in stress testing for MPI in children and young adults with 
adequate athletic capability, because exercise stress resembles the conditions of 
natural stress. A load method including exercise should be performed by ergometer 
or treadmill, usually until maximum stress is achieved. Maximum stress is detennined 
by evaluating patient heart rate and/or double product and should be continued for at 
least 1 min after injection of Tc-labeled agents, to obtain optimal stress images. 


Pharmacologic Stress Imaging 

Adenosine is the only approved agent for pharmacologic stress testing in Japan, 
although other agents, including dipyridamole [8] and dobutamine [9], have been 
used. The general protocol recommends adenosine stress to be continued for 6 min 
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at a dose of 140 pg/kg/min [10] or 120 gtg/kg/m in in Japan. The Tc-labeled agent is 
administered 3 min after load following 3 min of stress. Bronchial asthma is a 
possible adverse effect of adenosine, so physicians should auscultate for respiratory 
sounds. The most common adverse effects — flushing, headache, and asthma 
attack — usually resolve spontaneously immediately after discontinuation of aden- 
osine administration, because of its short half-life. 


Comprehensive Plan for Image Acquisition Using Tc-Labeled 
Agents 

Control of Body Movement 

Body movement should be controlled during image acquisition. If excessive body 
movement is observed, repeat acquisition may be necessary in order to obtain 
satisfactory images. 


Time Interval in Image Acquisition 

The time interval between administration of Tc-labeled agents and image acquisi- 
tion should be longer than 30 min, to promote excretion from the liver and 
gallbladder. 


Monzen Position 

The Monzen position [11] resembles the backstroke position, with raised left arm 
and upper body bent to the right during image acquisition. This position reduces 
interference from rays scattered by the liver and gallbladder to the posteroinferior 
wall of the heart, due to descent of the liver. 


Soda Water 

Soda water should be given to patients immediately before image acquisition, to 
expand the stomach and reduce interference of rays scattered from the intestine to 
the posteroinferior wall of the heart. 


High-Fat Meal 

A high-fat meal should be given to patients during the waiting period between 
administration of Tc-labeled agents and image acquisition, to promote excretion of 
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Table la Class and baseline activity /minimum activity of radiopharmaceuticals 


Nuclides 

Radiopharmaceuticals 

Class 

Dose 

Baseline 

activity 

(MBq) 

Minimum 

activity 

(MBq) 

Tc-99 m 

MIBI/tetrofosmin (myocardial rest/stress scan 
2-day protocol max") 

B 

63.0 

80 


MIBI/tetrofosmin (myocardial scan 1-day pro- 
tocol first b ) 

B 

28.0 

80 


MIBI/tetrofosmin (myocardial scan 1-day pro- 
tocol second b ) 

B 

84.0 

160 


Cited and modified from Koizumi [12] 

“Dose may be excessive for heavy patients, as compared with conventionally administered dose; 
therefore, a smaller dose should be considered, as this dose is the maximum 
b Both rest-first and stress-first protocols are applicable. The second dose is 2-3 times larger than 
the first dose 

Tc-labeled agents and avoid interference of rays scattered from the liver and 
gallbladder to the posteroinferior wall of the heart. 


Appropriate Administration of Nuclear Agents 

Appropriate doses of nuclear agents must be considered in pediatric nuclear 
medicine. In 1988, the Subcommittee for Standardization of Radionuclide Imaging 
of the Japan Radioisotope Association recommended use of the following formula: 
Pediatric dose (MBq) = adult dose x (age+ l)/(age + 7). In 2014, the Japanese 
Society of Nuclear Medicine (JSNM) distributed cards with methods to calculate 
JSNM pediatric dosage [12], The method is a modified version of the methods 
shown on the European Association of Nuclear Medicine (EANM) pediatric dosage 
card [13-15]. It describes how to calculate pediatric administered dose, as follows: 
Administered activity (MBq) = baseline activity in Table lax weight — dependent 
multiple in Table lb. Whenever Tc-labeled agents are used for myocardial scan- 
ning, the radiopharmaceutical class should be class B (Tables la and lb). Minimum 
activity should be maintained, even if the calculated administered activity is lower 
than the minimum recommended activity. Examples of calculation using 
Tc-labeled agents are shown as below. 

Example 1 Weight 44 kg, Tc-99 m tetrofosmin (myocardial 2-day protocol) 

63.0 x 9.57 = 603 > 592 (adult administered activity) — > 592 MBq should be 
administered, if the recommended adult administered activity at the institution is 
592 MBq. 

Example 2 Weight 14 kg, Tc-99 m MIBI (myocardial 1-day protocol first) 

28.0 x 3.57 = 100 > 80 (minimum activity) — + 100 MBq should be administered. 
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Table lb Weight-dependent 
multiples for each class 


Body weight 

Class 

kg 

A 

B 

C 

3 

1 

1 

1 

4 

1.12 

1.14 

1.33 

6 

1.47 

1.71 

2 

8 

1.71 

2.14 

3 

10 

1.94 

2.71 

3.67 

12 

2.18 

3.14 

4.67 

14 

2.35 

3.57 

5.67 

16 

2.53 

4 

6.33 

18 

2.71 

4.43 

7.33 

20 

2.88 

4.86 

8.33 

22 

3.06 

5.29 

9.33 

24 

3.18 

5.71 

10 

26 

3.35 

6.14 

11 

28 

3.47 

6.43 

12 

30 

3.65 

6.86 

13 

32 

3.77 

7.29 

14 

34 

3.88 

7.72 

15 

36 

4 

8 

16 

38 

4.18 

8.43 

17 

40 

4.29 

8.86 

18 

42 

4.41 

9.14 

19 

44 

4.53 

9.57 

20 

46 

4.65 

10 

21 

48 

4.77 

10.29 

22 

50 

4.88 

10.71 

23 

52-54 

5 

11.29 

24.67 

56-58 

5.24 

12 

26.67 

60-62 

5.47 

12.71 

28.67 

64-66 

5.65 

13.43 

31 

68 

5.77 

14 

32.33 


Modified from Koizumi [12] 


Example 3 Weight 14 kg, Tc-99 m MIBI (myocardial 1-day protocol second) 
84.0 x 3.57 = 300 > 160 (minimum activity) — > 300 MBq should be administered. 


Future Directions 

Patients with coronary artery lesions after KD should be managed in accordance 
with current knowledge. It is essential to recover all patients with severe coronary 
artery lesions who are lost to follow-up. Such patients may return to hospital 
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because of pregnancy, chest pain, or chronic anxiety after surgery. Furthermore, the 
system and environment for new progress should be re-evaluated. Combined 
evaluation with CCTA and MPI is likely to be incorporated into the follow-up 
plan of all institutions, because it yields precise information and is straightforward 
for physicians. 
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Long-Term Follow-Up and Education 
Regarding Daily Life Activities, School Life, 
and Guidelines After Acute KD 


Mamoru Ayusawa 


Abstract Almost all patients with Kawasaki disease take aspirin for 2-3 months 
after disease onset. During and after such treatment, patients without coronary 
artery lesions (CAL) are not restricted with respect to sports, vaccination, or normal 
daily life activities. Management of daily life activities of patients with CAL 
depends on individual risk of cardiac events, as determined by appropriate assess- 
ment techniques. If the patient requires anticoagulant and/or antiplatelet treatment, 
external injuries should be avoided and participation in contact sports restricted. 
When warfarin is used, the dose needs to be carefully monitored by blood testing, 
and the patient should be informed about foods that increase vitamin K levels. 
Angiograms obtained by computed tomography or magnetic resonance are begin- 
ning to supplant catheter angiograms in the morphological evaluation of CAL; 
however, these modalities have advantages and disadvantages. Echocardiography 
and scintigraphy with pharmacological or exercise stress testing is useful in func- 
tional studies. However, an experienced examiner must be available to conduct and 
evaluate the results of such tests. As patients age, they must be made aware of the 
possibility of cardiac sequelae and the need for transition to an adult cardiologist. 

Keywords Anticoagulation • Antiplatelet • Sports restriction • Transition • 
Vaccination • School life 


Two to 3 Months After Onset 

After recovery from acute KD, almost all patients receive 3-5 mg/kg of aspirin as 
antiplatelet therapy. Platelet count and coagulation activity increase until 2-3 
months after onset of acute KD [1], After discharge from hospital, at around the 
second week from onset, some patients may complain of mild bruising or epistaxis 
as their activity level improves. Aspirin may cause allergic eruptions or anorexia 
with liver dysfunction. In rare cases, infection with influenza or varicella virus may 
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cause Reye syndrome during this stage; thus, patients and their families are 
commonly instructed on prevention of these infections. When a patient taking 
aspirin is infected with influenza or varicella, aspirin is usually discontinued or 
changed to ticlopidine or dipyridamole. 


Vaccination After KD 

Inactivated vaccines are not prohibited, even immediately after recovery; however, 
live attenuated vaccines are not given until at least 6 months from KD onset in most 
Japanese outpatient clinics. This practice is based on studies by the Japan Ministry 
of Health of antibody acquisition after measles vaccination [2, 3]. Miura 
et al. proposed a 9-month interval after KD onset for patients who received 
additional IVIG due to ineffectiveness of standard therapy with 2 g/kg of IVIG 

[4] . In the US population. Mason et al. proposed that a longer interval was necessary 

[5] , Miura et al. is currently conducting a further study for uncertain effect of 
varicella and mumps vaccine, and the results will be reported. 


After 2-3 Months from Onset 

Patients without CAL need not restrict daily life activities or exercise during school. 
Patients who have CAL with a diameter <5 mm need to continue aspirin or other 
antiplatelet drugs such as dipyridamole or ticlopidine and to undergo CAL assess- 
ment by echocardiography every 1-3 months. It is important for patients to be 
aware of foods that increase levels of vitamin K, as it inhibits the effect of warfarin. 
In Japan, fermented soybean (i.e., natto) is prohibited for this reason, as are 
seaweed, broccoli, and spinach. 

Patients with CAL >6 mm need the antithrombotic drug warfarin in addition to 
antiplatelet drugs. The effect of warfarin needs to be assessed and controlled by 
evaluating prothrombin time (PT) and its international normalized ratio (PT-INR). 
The target value for PT-INR in children is 1.8-2. 5, although this may be adjusted 
depending on patient sex, age, and activity. Use of protective headwear is advised if 
the child is likely to fall. Contact sports are prohibited. Despite the difficulties in 
dose control and food restriction and the risk of hemorrhagic complications, 
warfarin clearly increases cardiac event-free survival in patients with giant aneu- 
rysm [6]. The feasibility of recently developed “novel oral anticoagulants” for 
children is currently being investigated. 
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Evaluation and Management of Patients with CAL 

After acute KD, patients with aneurysms >5 mm in diameter, as estimated by 
echocardiography, must be evaluated with coronary artery angiography by cardiac 
catheterization. Evaluation of small aneurysms by catheter angiography depends on 
an individualized safety assessment, particularly in infants. In morphological stud- 
ies, angiography by computed tomography or magnetic resonance is beginning to 
supplant catheter angiography; however, these techniques have their respective 
advantages and disadvantages. 

Medical prevention of thrombosis in coronary arteries in patients with CAL 
depends on whether CAL induce ischemia during exercise. Echocardiography and 
scintigraphy with pharmacological or exercise stress testing is quite useful for 
functional study in such cases, but an experienced examiner must be available to 
conduct and evaluate the results of such tests. 

Management of the daily life activities of patients with CAL depends on 
ischemia severity, including the risk of a cardiac event as determined by appropriate 
methods. If a patient requires anticoagulant and/or antiplatelet medication, activi- 
ties that increase the risk of external injury and contact sports must be restricted, 
and PT-INR should be monitored. 


Management of School Life in Japan 

In Japan, all students are screened using a questionnaire on heart disease, which 
includes past history of Kawasaki disease and its complications, and electrocardi- 
ography. If a student has CAL and is restricted from certain activities, the referring 
physician must submit a “Table for Management of School Life”, which shows the 
allowed and prohibited school activities. One table is designed for use for primary 
school students, and another is used for junior and senior high school students. 
These tables can be downloaded from the website of Japanese Society of Pediatric 
Cardiology and Cardiac Surgery. 


Preparation for Transition to Adult Cardiologists 

After symptoms resolve and patients resume daily life, they and their parents should 
be educated about the particulars of daily life activities. The long-term effects of 
KD on vascular health have been discussed extensively in the guidelines of the 
Japanese Circulation Society [2] and American Heart Association [7]. Patients with 
CAL have varying risks of arteriosclerosis. A recent study reported that carotid 
artery stiffness, intima-media thickness, and the endothelial pulsatile index in KD 
patients with normal coronary arteries or mildly ectatic CAL were normal at an 
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average of 12 years after onset, which provides some reassurance regarding periph- 
eral vascular health [8]. The mechanism by which inflammation from KD vasculitis 
causes coronary artery sclerosis probably differs from that responsible for aging- 
related atherosclerosis; however, there are concerns regarding long-term sclerotic 
change in coronary arteries in persons with a history of KD [9-11]. Although long- 
term outcomes (>20 years after onset) are still a matter of debate, it is prudent to 
advise KD patients to be careful of risk factors for metabolic syndrome, including 
obesity, diabetes mellitus, and smoking. 

Loss to follow-up when children become independent of their parents is a serious 
concern. As most KD patients are not fully aware of their history, detailed instruc- 
tion on KD and its sequelae is necessary before high school graduation because of 
the risk of smoking or pregnancy among women, regardless of marriage. Successful 
transition to an adult cardiologist is one of the most important issues in the 
management of KD. Patients need to be aware of the possibility of cardiac sequelae 
and the importance of proper adult care. 
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Assessment of Cardiac Ischemia During 
Acute and Long-Term Follow-Up 
and Rheologic Assessment of Coronary 
Artery Lesions After Kawasaki Disease 


Shunichi Ogawa 


Abstract Cardiac ischemia is important for the prognosis of Kawasaki disease 
(KD) in patients with coronary artery lesions. Assessment of cardiac ischemia 
requires exercise stress testing, which young children may not be able to tolerate. 
Therefore, pharmacologic stress tests using adenosine, dipyridamole, or 
dobutamine have primarily been used for young children. Stress myocardial 
single-photon emission computed tomography is another important method for 
diagnosing coronary stenotic lesions due to KD. Treadmill and ergometer stress 
electrocardiography, pharmacologic stress body surface potential mapping, signal- 
averaged electrocardiography, and echocardiography are also useful for detecting 
cardiac ischemia. Rheologic indices such as coronary flow reserve (CFR) and 
myocardial fractional flow reserve (FFRmyo) can also be helpful in detecting 
cardiac ischemia. Shear stress and CFR significantly decrease in areas with giant 
aneurysms and in patients with vessels distal to a giant aneurysm. FFRmyo, CFR, 
and shear stress also decrease in areas distal to a significant stenotic lesion. These 
findings suggest that vascular endothelial dysfunction, cardiac ischemia, and cor- 
onary microcirculation disorder due to decreased perfusion may also be present. 

Keywords Cardiac ischemia • Coronary artery lesions • Shear stress • Coronary 
flow reserve • Myocardial fractional flow reserve 


Assessment of Cardiac Ischemia During Short- and Long- 
Term Follow-Up 

Cardiac ischemia is an imbalance between myocardial oxygen supply and demand. 
Cardiac ischemia seriously affects outcomes of Kawasaki disease (KD) patients 
with coronary artery lesions (CAL), which include severe stenosis, giant coronary 
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aneurysm with or without coronary stenosis, and coronary microcirculatory distur- 
bances without coronary stenosis. Exercise stress tests are necessary for the assess- 
ment of cardiac ischemia; however, young children may not be able to tolerate such 
tests. Thus, pharmacologic stress tests using adenosine, dipyridamole, or 
dobutamine have been primarily used to assess young children. 


Exercise Electrocardiography 

Because electrocardiography (ECG) is not sensitive for detecting cardiac ischemia 
in patients with KD at rest, exercise or pharmacologic stress tests should instead be 
used. Treadmill and ergometer stress tests can be administered to school-age or 
older children, although these tests are less sensitive than myocardial scintigraphy 
in detecting ischemic findings. To increase the detection rate, pharmacologic stress 
tests are therefore recommended. 


Treadmill Stress and Ergometer Stress ECG 

A stress treadmill test and ergometer stress test (ST) at an intensity greater than 
10 metabolic equivalent units (MET) may detect cardiac ischemia in some patients. 
Subendocardial or transmural cardiac ischemia affects ST changes. Subendocardial 
ischemia, the most common type, shows horizontal or down-slope ST depression. 
In contrast, transmural-type ischemia is rare and presents as ST elevation. On an 
ECG, ST depression or elevation greater than 0. 1 mV indicates cardiac ischemia. 
The location of the ischemic area can be determined by the placement of the surface 
ECG, as follows: inferior — leads II-III-aVF; anterior — leads V2-V6; anterior- 
septal — leads V1-V3; lateral — leads I-aVL; posterior — leads VI ■ V2 with a tall 
R wave. 


Pharmacologic Stress Body Surface Potential Mapping 

The dipyridamole stress test using body surface potential mapping is highly sensi- 
tive and specific for the presence of ischemia and is a useful method for diagnosing 
cardiac ischemia, including in young children [1], This method is also useful for 
identifying and localizing silent myocardial ischemia in children with KD, espe- 
cially those who cannot perform tests involving physical exercise [2], 


Signal-Averaged ECG 

The results of ECGs from patients with coronary dilatation, with and without 
stenosis, during acute KD exhibit a larger proportion of high-frequency 
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components, suggesting the presence of myocardial involvement [3], The presence 
of late ventricular potentials, evaluated by criteria adjusted to body surface area, are 
highly specific for cardiac ischemia and previous myocardial infarction [4], Use of 
dobutamine stress test readings containing signal-averaged ventricular late poten- 
tials may improve detection of these signals in children who cannot undergo 
exercise stress tests [5], 


Stress Echocardiography 

Stress echocardiography, especially dobutamine stress echocardiography, is an 
established diagnostic method for ischemic heart diseases [6], It is also a useful 
noninvasive method to diagnose and follow-up myocardial ischemia due to KD. 


Radionuclide Imaging 

To minimize radioactive exposure for children, technetium (Tc)-labeled myocar- 
dial perfusion agents (eg, Tc-99 m sestamibi and Tc-99 m tetrofosmin) are com- 
monly used [7, 8]. Stress myocardial single-photon emission computed tomography 
(SPECT) is an important method for diagnosing coronary stenotic lesions due to 
KD, and pharmacologic-stress SPECT is commonly performed for children who 
cannot undergo exercise-stress SPECT [9-14]. When myocardial ischemia is 
detected in patients without coronary stenosis and myocardial perfusion imaging 
produces a false-positive result, coronary microcirculation disorder is suspected 
[15]. The availability of 3D automatic quantitative analysis of ECG-gated myocar- 
dial perfusion SPECT (quantitative gated SPECT [QGS]) [16] has allowed physi- 
cians to detect postischemic myocardial stunning [17] and determine the viability of 
infarcted myocardium in patients with severe coronary artery lesions due to KD 
[18, 19], 


Pharmacologic Stress Myocardial Perfusion Scintigraphy 

In Japan, adenosine has been approved as a nuclear medicine agent, and it is 
expected that pharmacologic stress myocardial perfusion scintigraphy using aden- 
osine will soon be common. Adenosine should not be administered with 
dipyridamole, which potentiates the action of adenosine. Adenosine may induce 
asthma attacks, but its half-life is short, and most adverse reactions resolve after 
discontinuation of the drug [20], 
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Cardiac Ischemia Assessed by Rheologic Index 

See sections “Hemodynamics in vessels distal to an aneurysm” and “Hemodynam- 
ics in the area distal to a stenotic lesion”. 


Rheologic Assessment of CAL After KD 

Methods and Criteria for Assessment of Coronary 
Hemodynamics 

To evaluate the functional severity of CALs associated with KD, it is useful to 
determine average peak flow velocity (APV), coronary flow reserve (CFR), myo- 
cardial fractional flow reserve (FFRmyo), shear stress, and peripheral vascular 
resistance, among other measures. Common instruments for assessment include a 
0.014-inch guidewire equipped with an ultrasonic probe and a high-sensitivity 
pressure sensor (Doppler wires or pressure wires). In particular, CFR (ie, [stress 
APV]/[APV at rest], where APV is the value at peak dilatation after infusion of 
papaverine injection) (Fig. 1) and FFRmyo (ie, [mean pressure at a site distal to the 
coronary lesion of interest] — { [mean right atrial pressure]/[mean pressure at the 



at rest 


hyperemia 




at rest hyperemia 


Fig. 1 (a) Normal coronary artery. Averaged peak flow velocities (APV) were 20 cm/s at rest and 
66 cm/s after hyperemia, and coronary flow reserve (CFR) was 3.3. (b) Giant coronary aneurysm. 
APV at rest and after hyperemia were equal (1 1 cm/s), and CFR was 1.0 
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Fig. 2 Myocardial fractional flow reserve (FFRmyo) calculated from simultaneously recorded 
values of coronary artery ostium pressure (Pa) and intracoronary pressure (Pd) at steady-state 
maximum hyperemia distal to lesions with greater than 95 % stenosis. Pd and Pa values were 
52 mmHg and 80 mmHg, respectively, and FFRmyo was 0.65 


coronary ostium] } — [mean right atrial pressure], where these pressures are 
obtained simultaneously at peak dilatation after infusion of papaverine hydrochlo- 
ride) are suitable for evaluating presence/absence and severity of myocardial 
ischemia and presence/absence of peripheral coronary circulatory disorder 
(Fig. 2). These values are also useful in selecting appropriate treatment strategies 
(catheter intervention vs. coronary artery bypass grafting [CABG]) and postoper- 
ative evaluation. 

The reference values in children and adults are 2.0 for CFR and 0.75 for FFRmyo 
[21-23]. Shear stress induces mechanical stress on vascular endothelial cells and 
affects hemodynamics through endothelium-derived vasoactive substances. The 
reference value for shear stress in children [24] (calculated with an approximation 
formula using APV and lumen diameter) is 40 dyn/cm 2 . 

The APV determined with the above method represents velocity at the lumen 
center. Flow velocity near the wall is lower than that at the center; thus, shear stress 
near the wall is lower than the estimate obtained using this method. Because 
coronary blood flow correlates fairly well with APV, the ratio of mean coronary 
blood pressure to APV may be used to calculate total peripheral resistance. The 
reference values for total peripheral resistance at rest and during vascular dilatation 
are 4.0 and 2.0, respectively [24]. 
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Measurements obtained with pressure wires are useful in evaluating stenotic 
lesions, and those obtained with Doppler wires are useful for evaluating dilatation 
lesions. 


Change in Coronary Hemodynamics Associated with CAL 

Hemodynamics in Coronary Aneurysms Without Significant Stenosis 
and in Distal Vessels 

Hemodynamics in Aneurysms 

A turbulent blood flow pattern, reduced flow velocity, and reduced CFR are present 
in coronary artery aneurysms, especially giant aneurysms. Reduced CFR indicates 
cardiac ischemia in the distal area of giant aneurysms. Although there is no 
decrease in perfusion pressure, a significant decrease in shear stress, which is 
known to damage vascular endothelial cells, is present. It is assumed that endothe- 
lial cells in giant aneurysms are seriously damaged by vasculitis and hemodynamic 
change. Vascular endothelial dysfunction promotes vasoconstriction and increases 
susceptibility to thrombogenesis, inflammation, fibrosis, oxidation, and atheroscle- 
rosis. In giant aneurysms caused by KD, thrombogenesis is the most important 
concern, since thrombi readily form in giant aneurysms in which accelerated 
platelet aggregation, hypercoagulation, and hypofibrinolysis are present. Some 
aneurysms with an internal diameter greater than 8 mm retain a normal blood 
flow waveform, APV, and CFR. Because some giant aneurysms have normal 
hemodynamics, functional assessment of aneurysms is necessary in order to iden- 
tify risky aneurysms. 


Hemodynamics in Vessels Distal to an Aneurysm 

Blood flow waveform, APV, CFR, and peripheral vascular resistance in vessels 
distal to an aneurysm are similar to values in the aneurysm itself. Shear stress is 
higher in the distal area than in the aneurysms with a significantly large luminal 
diameter. 

In contrast, FFRmyo in the distal area is within the normal range, regardless of 
the size or shape of the aneurysm, unless significant stenoses are present. Such 
findings suggest that vascular endothelial dysfunction, myocardial ischemia, and 
coronary microcirculation disorder due to decreased perfusion may be present in 
the area distal to a giant coronary aneurysm, even when significant stenosis is not 
present. 
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Hemodynamics in the Area Distal to a Stenotic Lesion 

In the region distal to a coronary stenosis causing myocardial ischemia, CFR, 
FFRmyo, shear stress, and peripheral vascular resistance significantly differ from 
values obtained in a normal segment, and results outside reference ranges are 
obtained for many of these measurements [24]. The volume of blood perfusing 
this region is small, which suggests the presence of endothelial dysfunction and 
myocardial ischemia. Perfusion pressure is also low, but peripheral vascular resis- 
tance is rather high, as the effect of decreased blood perfusion volume is larger than 
that of decreased perfusion pressure in this region. 
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Promising Biomarkers in Acute Kawasaki 
Disease and Acute Coronary Ischemia 


Ryuji Fukazawa 


Abstract There are no specific biomarkers to confirm a diagnosis of Kawasaki 
disease (KD) or predict nonresponse to immunoglobulin therapy (IVIG) or devel- 
opment of coronary artery lesions (CAL). Among the many abnormal laboratory 
findings in acute KD, only some biomarkers are useful for diagnosis, assessment of 
the risk of IVIG nonresponse, and determining the likelihood of CAL formation. 
Instead of a single marker, characteristic profiles may be examined. High levels of 
C-reactive protein (CRP), pentraxin-3, serum amyloid A, urinary beta 
microglobulin, brain natriuretic protein (BNP), and N-type (NT)-pro BNP and 
low serum albumin and sodium levels are together suggestive of KD and a high 
likelihood of IVIG nonresponse and CAL formation. In addition, levels of many 
inflammatory cytokines are elevated in acute KD. Simultaneous evaluation of 
multiple cytokines has recently become possible. Some characteristic cytokine 
expression patterns for auto-inflammatory diseases such as KD, systemic juvenile 
arteritis, and periodic fever syndrome have been described. An IL-6-dominant 
cytokine profile pattern is characteristic of KD, and cytokine profiling is promising 
in KD diagnosis. However, several days are required to obtain the results of these 
tests, and this is a significant drawback for a potential biomarker. There are, 
however, reliable biomarkers for detecting myocardial injury. Creatine kinase 
(CK), CK-MB, myoglobin, heart-type fatty acid-binding protein, myocardial tro- 
ponin I and T, and myosin light chain are established markers of myocardial injury 
in adults and can be also be used in the assessment of children. Myocardial 
infarction without specific symptoms sometimes occurs in children. In such cases, 
cytokine markers are useful for detecting early myocardial infarction. Although no 
specific biomarkers are present for KD, some characteristic overall laboratory 
findings are useful for clinical decision-making and are considered relevant bio- 
markers. To select appropriate treatment strategies, it is important to assess a 
patient’s condition by incorporating multiple laboratory findings with physical 
findings. 
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Introduction 

Kawasaki disease (KD) is a systemic vasculitis that often affects midsized arteries. 
This is important, as severe coronary arteritis can lead to coronary artery lesions 
(CALs). Research has focused on minimizing CAL formation and identifying 
additional biomarkers that predict immunoglobulin therapy (IVIG) nonresponse, 
CAL formation, vasculitis severity, and early atherosclerosis progression. Although 
the cause of KD is unknown, and there are no specific biomarkers for KD diagnosis, 
some characteristic laboratory findings, including cytokine evaluation, are helpful 
for diagnosis. While diagnostic biomarkers are not entirely specific or infallible, 
comprehensive evaluation of biomarkers might be a reliable clinical diagnostic 
method. This chapter describes biomarkers that are clinically helpful in diagnosing 
acute KD and acute coronary ischemia. 


Predicting Nonresponse to Immunoglobulin Therapy 

IVIG is the most effective standard treatment for acute KD. Unfortunately, 20-30 % 
of patients do not respond to IVIG, and CALs are likely to develop among these 
patients. Predicting nonresponse to IVIG is very important in designing an effective 
individualized KD treatment strategy, but there is no specific biomarker that pre- 
dicts IVIG nonresponse. Instead, Japanese researchers have established scoring 
systems that use laboratory data and clinical findings of KD. The Egami score 
[1], Sano score [2], and Kobayashi score [3] all attempt to predict nonresponse to 
IVIG by stratifying patients according to the risk of nonresponse (Table 1). Total 
scores greater than 2, 1, or 4, respectively, indicate high risk of IVIG nonresponse. 
Using these criteria, clinicians select combined therapy with steroid and IVIG for 
treatment of high-risk KD, and this regimen has proven effective for preventing 
CAL formation [4, 5]. The sensitivity and specificity of these scoring systems are 
75-80 %, and these values are reproducible in the Japanese population. In North 
America, however, the sensitivity and specificity of the Kobayashi score are 33 % 
and 87 %, respectively [6], Thus, it is unclear whether these scoring systems can be 
used in non-Japanese populations. One potential factor, “day of treatment start”, 
depends on the medical and insurance systems in the country. This variation may 
increase the range of error in these point-scoring systems. Clearly, a more accurate 
and objective scoring system is necessary in order to standardize prediction of IVIG 
nonresponse. 
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Table 1 Scoring systems used to predict IVIG nonresponse 


Kobayashi score (cutoff: >5 points; sensitivity 76%, specificity 80%) 



Threshold 

Points 

Na 

<133 mmol/1 

2 

AST 

>100 IU/1 

2 

Day of treatment start (or diagnosis) 

Day 4 of illness or earlier 

2 

Neutrophils 

>80% 

2 

CRP 

>10 mg/dl 

1 

Platelet count 

<300,000/pl 

1 

Age 

<12 months 

1 


Egami score (cutoff: >3 points; sensitivity 76 %, specificity 80 %) 



Threshold 

Points 

ALT 

>80 IU/1 

2 

Day of treatment start (or diagnosis) 

Day 4 of illness or earlier 

1 

CRP 

>8 mg/dl 

1 

Platelet count 

<300,000/pl 

1 

Age 

<6 months 

1 


Sano score (cutoff: >2 points; sensitivity 77 %, specificity 86 %) 



Threshold 

Points 

AST 

>200 IU/1 

1 

Total bilirubin 

>0.9 mg/dl 

1 

CRP 

>7 mg/dl 

1 


Kobayashi, Egami, and Sano scores of >5, >3, and >2, respectively, indicate potential IVIG 
nonresponse 

AST aspartate aminotransferase, CRP C-reactive protein, ALT alanine aminotransferase 


Diagnosis and Evaluation of the Severity and Likelihood 
of CAL Lormation in KD 

Inflammatory Proteins 

CRP 

CRP is markedly elevated at KD onset, and levels decrease with clinical improve- 
ment. The liver produces CRP, which is largely induced by inflammatory cytokines 
such as tumor necrosis factor-alpha (TNF-a) and interleukin (IL)-6. CRP level 
reflects the severity of KD vasculitis, and a high CRP level suggests greater risk of 
CAL formation. 


Pentraxin-3 (PTX3) 

Structurally in the same family as CRP and serum amyloid protein, PTX3 is 
produced locally at the inflammation site by endothelial cells, macrophages, 
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fibroblasts, smooth muscle cells, and dendritic cells and activates leukocytes. PTX3 
is a promising biomarker of vascular damage, like that observed in vasculitis [7] 
and other cardiovascular diseases [8]. Preliminary findings suggest that it is a good 
biomarker for predicting IVIG nonresponse and CAL formation. 


Serum Amyloid A (SAA) 

SAA is an acute inflammatory protein produced by endothelium. It catalyzes high- 
density lipoprotein cholesterol into apolipoprotein A-l. SAA levels are signifi- 
cantly higher in patients with acute and chronic KD [9, 10], 


General Laboratory Variables 

Total Protein and Albumin 

Although total protein levels are almost normal or slightly decreased at KD onset, 
serum albumin levels decrease because of increased vascular permeability caused 
by vasculitis. In addition, IL-6 depresses albumin synthesis in liver. A lower serum 
albumin level reflects severe vasculitis and is regarded as a risk factor in CAL 
formation. 


Serum Transaminase 

Increased aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 
levels are often observed in acute KD. Extremely high levels (>500 IU/L) are rare, 
and AST and ALT return to normal levels within 2-3 weeks in most patients. High 
AST is considered a strong risk factor for IVIG nonresponse and is used to predict 
IVIG nonresponse in the 3 scoring systems described above. 


Serum Electrolyte 

Serum sodium level decreases in severe KD. A low sodium level is thought to 
reflect increased vascular permeability due to vasculitis and is regarded as a risk 
factor for IVIG nonresponse and CAL formation. 


Urinary Beta-2 Microglobulin (U-02MG) 

Levels of u-p2MG are thought to reflect serum cytokine level. Interferon gamma 
(INF-y) induces HLA class I molecules on endothelial cell surfaces, causing 
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overtranscription of HLA class I L chain or u-p2MG. Overproduction of BMG 
increases u-p2MG levels. A high u-p2MG level suggests hypercytokinemia and is 
useful for KD diagnosis. 


Brain Natriuretic Peptide (BNP) and N-Terminal proBNP (NT-proBNP) 

BNP is a diuretic peptide secreted mainly from cardiac ventricles. Levels of BNP 
and its N-terminal moiety, NT-proBNP, are thought to reflect ventricular dysfunc- 
tion. Levels of BNP and NT-proBNP are elevated in acute KD, despite preservation 
of global left ventricular function. Severe coronary inflammation and increased 
vascular permeability may contribute to these elevations. Some reports suggest that 
NT-proBNP is more useful than BNP as a biomarker in the diagnosis of KD and 
incomplete KD and in identifying potential IVIG nonresponse [1 1—13]. 

An important aspect of biomarkers is their sensitivity and specificity for deter- 
mining the risk of developing a given KD type. Another important feature of 
successful biomarkers is the speed with which results can be obtained. Physicians 
select a treatment strategy according to the patient’s risk. Treatment for acute KD 
should not be delayed by the need to wait for examination results; ideally, bio- 
marker examination results should be available within a few hours. Unfortunately, 
there is no rapid diagnosis kit for some of the above-described markers, such as 
PTX3 or SAA. However, because PTX3 and SAA are promising markers, devel- 
opment of rapid diagnosis kits for these markers is expected. 


Inflammatory Cytokines 

Almost all inflammatory cytokines are elevated during acute KD; hence, KD is 
sometimes called a “cytokine storm” disease. Among cytokines, TNF-a, IL-1, IL-6, 
IL-8, MCP-1, G-CSF, M-CSF and IP-10 are particularly elevated in acute KD [ 14 — 
17] and are indicative of vasculitis and CAL formation. 

Cytokine storm is a characteristic of many autoinflammatory diseases, including 
KD, systemic juvenile rheumatoid arthritis (sJRA), and periodic fever syndrome. 
The symptoms of KD and sJRA are very similar, and differential diagnosis is thus 
sometimes difficult. Almost all inflammatory cytokines are similarly elevated in 
KD and sJRA. Currently, more than 30 types of cytokines can be evaluated 
simultaneously. Because cytokine profiles are characteristic of certain 
autoinflammatory diseases, they can be very useful in differential diagnoses. 
According to cytokine profiling, IL-6 elevation is dominant in KD, and IL-1 8 
elevation is dominant in sJRA [18]. Thus, multiple cytokines should be examined 
in order to accurately diagnose KD. 

Currently, the most difficult aspect of evaluating cytokine levels for KD diag- 
nosis is that it takes several days to 1 week to obtain results. Because KD is an acute 
disease, cytokine profiling is the decisive criterion for treatment. Despite the time 
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Table 2 Blood biochemical markers of myocardial infarction 


Marker 

Clinical use 

Limitations 

CK-MB 

Principal biochemical marker; can be used 
as standard test at almost all institutions 

Low myocardial specificity 

Low detection rate within 6 h after 

onset 

Myoglobin 

Because of poor myocardial specificity, 

AMI cannot be diagnosed with myoglobin 
alone 

Poor myocardial specificity 

No use for diagnosis of late MI 
after AMI onset 

H-FABP 

Rapid test kits are available and useful in 
early diagnosis 

Highly sensitive for early AMI 
diagnosis, but specificity relatively 
low 

TnT 

High sensitivity and specificity 

Sensitivity low within 6 h after 
onset 

Rapid test kits available; TnT is a principal 
biochemical marker 

Sensitivity for late-onset small 
reinfarction is low 

MLC 

Rapid diagnostic tests not available 

Sensitivity relatively low 

MLC level may be abnormal in 
patients with renal failure 


CK-MB creatine kinase-MB, H-FABP heart-type fatty acid binding protein, TnT troponin T, MLC 
myosin light chain 


lag, comprehensive evaluation of cytokines is essential in the diagnosis and treat- 
ment of patients with an ambiguous presentation suggestive of KD. 


Acute Coronary Ischemia 

There are no baseline biomarker values for children at risk for severe coronary 
ischemia or myocardial infarction. Instead, adult values are used. Biochemical 
biomarkers for diagnosing myocardial injury are myocardial cytoplasm type (cre- 
atine kinase [CK], CK-MB, myoglobin, heart-type fatty acid-binding protein 
[H-FABP]) and myocardial structural protein type (myocardial troponin T and I 
[TnT and Tnl] and myosin light chain [MLC]). In children, myocardial infarction 
sometimes occurs without specific symptoms. These biomarkers are very helpful in 
detecting myocardial infarction from the early phase of onset, in the absence of 
other clinical signs (Table 2). 


Markers in Myocardial Cytoplasm 

CK and CK-MB 

CK and CK-MB levels increase during the 4-6 h after myocardial infarction and 
normalize within 2-3 days. CK and CK-MB levels strongly correlate with the 
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extent of myocardial necrosis. Furthermore, CK-MB is a useful indicator of myo- 
cardial reperfusion and reinfarction and is the marker of choice for assessing 
myocardial damage [19]. Among CK-MB isoforms, increases in CK-MB2 and 
MB2/MB1 ratio may be detected within 4 h after onset of myocardial infarction. 
CK-MB levels are also elevated in skeletal muscle diseases, however, and are less 
specific for the diagnosis of myocardial infarction. 


Myoglobin 

Myoglobin levels increase during the 1-2 h after onset of myocardial infarction, 
reach their peak in about 10 h. and normalize within 1-2 days. Myoglobin is useful 
for early diagnosis of myocardial infarction and is a good indicator of reperfusion. 
However, it is not specific to the myocardium, as it is present in all skeletal muscle. 


H-FABP 

H-FABP level increases during the 1-2 h after onset of myocardial damage and is 
useful in early diagnosis of myocardial infarction, estimation of infarct size, and 
detection of reperfusion. The cutoff level for diagnosis of myocardial infarction is 
6.2 ng/ml [20]. 


Myocardial Structural Proteins as Markers 

TnT and Tnl 

The biomarkers TnT and Tnl are specific to the myocardium, reach peak levels at 
12-18 h and 90-120 h, respectively, after onset of myocardial infarction, and may 
be used as markers of reperfusion. TnT is a highly sensitive and specific marker for 
detecting onset of myocardial infarction and is useful in the diagnosis and prog- 
nostic assessment of non-ST elevation myocardial infarction. In a whole-blood 
rapid assay for TnT, a positive test is defined as a level >0.10 ng/ml. When a 
negative result is obtained within 6 h after onset of symptoms, the test should be 
repeated 8-12 h after onset to ensure absence of myocardial infarction 


MLC 

Plasma MLC level reflects the process of myofibrillar necrosis. Increased MLC 
levels are detected in blood at 4-6 h after onset, reach a peak level in 2-5 days, and 
remain high for 7-14 days. Tests for both MLC1 and MLC2 are available. The 
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cutoff level for acute myocardial infarction is 2.5 ng/ml. Peak MLC1 level reflects 
infarct size, and a result of >20 ng/ml is defined as major infarction [21]. 

The characteristics of the above-mentioned markers indicate that myoglobin and 
H-FABP are useful in detecting early myocardial infarction, and that CK-MB and 
TnT are beneficial in diagnosing myocardial infarction >6 h after onset. The 
primary markers for acute myocardial infarction are CK-MB and TnT. 
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Coronary Artery Diameter Z Score 
Calculator 


Shigeto Fuse 


Abstract The author has developed accurate coronary artery diameter Z score 
curves and a Z score calculator for children. The figures and tables show Z scores 
for males and females. Z scores should be used in the assessment and treatment of 
coronary artery dilatation and aneurysms in Kawasaki disease. 

Keywords Coronary artery • Z score • LMS method • Kawasaki disease • Children 


Introduction 

For more than 30 years, researchers have been attempting to determine normal 
coronary artery diameter in children and to develop quantitative criteria for 
assessing dilatation and aneurysm in coronary arteries of Kawasaki disease 
(KD) patients. However, curves for normal coronary artery diameter in growing 
children are extremely difficult to produce, both theoretically and technically. 
Fortunately, progress in statistical techniques has enabled development of precise 
and clinically useful normal curves and a Z score calculator. 


History 

Kamiya et al. (1983) were pioneers in developing dilatation criteria on echocardi- 
ography for coronary arteries in KD patients. They wrote that: 

although quantitative measurement of dilated lesions is desirable, sufficient data on echo- 
cardiographic measurements of normal coronary artery size are not available at this time. 

For the time being. . .an increase in coronary internal diameter to more than 1.5 times the 
adjacent vessel diameter should be considered a dilated lesion. For children under 5 years of 
age, coronary arteries with a diameter of 3 mm or greater should be regarded as dilated 
lesion. [1] 
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It was difficult to develop curves for normal coronary artery diameter in growing 
children. There were problems with the spatial resolution of echo devices, echo- 
cardiographic techniques, and the statistical methods used to create curves of 
normal values. 

Arjunan et al. [2] studied the calibers of right and left coronary arteries in 
42 normal subjects and 68 KD patients in 6 age groups and noted that coronary 
artery caliber ranged from 2 mm in infants to 5 mm in teenagers. Oberhoffer 
et al. [3] found a relation between right coronary artery (RCA) and left coronary 
artery (LCA) diameters and age, height, and weight in 100 healthy children. Dajani 
et al. [4] noted that normal coronary artery size was 1-2 mm in newborns and 
infants and 4. 5-5.0 mm in teenagers. Durongpisikul et al. [5] proposed that dilata- 
tion be defined as a diameter of at least 3 mm in children younger than 5 years and 
4 mm in children aged 5 years or older. 

De Zorzi et al. [6] were the first to use Z scores to evaluate coronary artery 
dilatation. They used linear regression models to analyze the association between 
coronary artery diameter and body surface area (BSA) in 89 subjects. Kurotobi 
et al. [7] also used linear regression analysis of the association between coronary 
artery diameter and BSA in 71 healthy children. Tan et al. [8] used linear regression 
analysis of age and BSA in 214 males and 176 females. Newburger et al. [9] 
suggested that coronary artery Z scores be incorporated into recommendations 
regarding evaluation and treatment of KD and provided Z score curves of 2 and 
3 standard deviations (SD) according to BSA. Newburger et al. [10] used a coronary 
artery Z score of 2.5 or more for the RCA and left anterior descending coronary 
artery as part of diagnostic inclusion criteria in their clinical study of KD. 

McCrindle et al. [IT] produced the first exponential regression equations, and the 
associated SDs of the predicted value were obtained by solving the second linear 
regression equation based on BSA from 221 healthy children. Olivieri et al. [12] 
developed an exponential approximation model incorporating BSA in 
432 echocardiographically normal subjects. They also developed an equation for 
Z score calculation. Using the LMS method, Fuse et al. [13] generated smoothing Z 
score curves with age and BSA [14] that adequately fit skewed distribution data 
from 544 healthy children. Using the square root model, Dallaire and Dahdah [15] 
developed equations for Z score calculation with BSA from 1033 echocardio- 
graphic studies. 


Recent Advances 

The author and colleagues designed and conducted a multicenter prospective study 
to develop highly reliable normal and Z score curves. To reduce error caused by 
echocardiographic measurement, standard methods of echocardiographic measure- 
ment of coronary arteries were established [16] and pediatric cardiologists and 
sonographers were trained to evaluate coronary artery diameter (CAD). All 
observers were then subject to quality control of CAD measurement. Sample 
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sizes were calculated to yield groups large enough to create +2SD curves with 
CAD and BSA. BSA was classified into 15 classes per 0.1 m 2 (range, 0.2-1. 6 m 2 ). 
Each BSA class required at least 50 samples because the probability frequency over 
2SD in the normal distribution is 2.3 %. Minimal sample size was set at 
750 (50 x 15 classes), and the target size with a margin was 1500 for both males 
and females. In total, 2078 males and 1773 females were evaluated. The distribu- 
tion of biological measurements is usually skewed from a normal distribution. We 
adopted the LMS method to create Z score curves with CAD and BSA. The LMS 
method can transform a skewed distribution to a normal distribution and create 
statistically accurate Z curves. Figure 1 and Tables 36.1 and 36.2 show Z score 
curves and CAD according to Z score and BSA. 


Coronary Artery Diameter Z Score Calculator 

Kobayashi et al. created a ready-to-use Microsoft Excel-based Z score calculator to 
enable straightforward clinical use by physicians (http://raise.umin.jp/zsp/calcula 
tor/). This calculator can calculate Z scores using a formula by Kobayashi et al. or a 
new Z score formula. Furthermore, the calculator yields median coronary artery 
diameter (Z score = 0) and ratio, ie, the measurement value divided by the median. 


Meaning of Coronary Artery Diameter Z Scores 

A Z score represents the frequency distribution in a population. The frequencies of 
Z scores >2, >2.5, and >3 are 2.3%, 0.62%, and 0.13%, respectively. The 
frequency of a Z score greater than 2 or 3 does not mean that these scores are 
abnormal or unusually large. We should carefully determine the criteria for abnor- 
mally large CAD, to obtain consensus. These criteria depend on the purpose of 
assessment and clinical needs, such as early diagnosis of KD or prognosis predic- 
tion for coronary artery aneurysm, ie, determining criteria or guidelines for using Z 
score to assess dilatation and aneurysm. 

In KD, CAD expansion results from pathologic damage to reinforcing structures 
by coronary arterial pressure. Greater damage to the coronary artery during acute 
KD results in greater dilatation of CAD. Accurate evaluation of dilatation must 
reflect the severity of coronary arteritis caused by KD. In the future, CAD Z score 
might have a role as a marker of coronary arteritis severity. 
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Fig. 1 Z score curves by coronary artery diameter and body surface area (a) males, (b) females 
RCA proximal right coronary artery, LMCA left main coronary artery, LAD proximal left anterior 
descending artery, LCX proximal left circumflex artery 
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Table 36.1 Coronary artery diameter according to Z score and BSA, males 


(A) Proximal right coronary artery (mm) 


BSA (m 2 ) 

Z = — 2.5 

Z = — 2.0 

N 

II 

1 

b 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

N> 

Ui 

0.15 

0.59 

0.65 

0.81 

0.98 

1.18 

1.40 

1.52 

0.20 

0.65 

0.73 

0.90 

1.09 

1.31 

1.55 

1.69 

0.25 

0.71 

0.79 

0.96 

1.17 

1.40 

1.67 

1.81 

0.30 

0.77 

0.86 

1.05 

1.27 

1.52 

1.81 

1.96 

0.35 

0.83 

0.93 

1.14 

1.37 

1.64 

1.95 

2.11 

0.40 

0.90 

1.00 

1.22 

1.47 

1.76 

2.08 

2.25 

0.45 

0.96 

1.06 

1.30 

1.56 

1.87 

2.21 

2.39 

0.50 

1.02 

1.13 

1.37 

1.65 

1.97 

2.33 

2.52 

0.55 

1.07 

1.19 

1.45 

1.74 

2.07 

2.44 

2.65 

0.60 

1.13 

1.25 

1.52 

1.82 

2.17 

2.55 

2.76 

0.65 

1.18 

1.30 

1.58 

1.90 

2.26 

2.66 

2.87 

0.70 

1.23 

1.36 

1.65 

1.97 

2.34 

2.75 

2.98 

0.75 

1.28 

1.41 

1.71 

2.04 

2.42 

2.85 

3.08 

0.80 

1.32 

1.46 

1.77 

2.11 

2.50 

2.94 

3.17 

0.85 

1.37 

1.51 

1.82 

2.18 

2.58 

3.02 

3.27 

0.90 

1.41 

1.56 

1.88 

2.24 

2.65 

3.11 

3.36 

0.95 

1.46 

1.61 

1.94 

2.31 

2.72 

3.19 

3.45 

1.00 

1.50 

1.65 

1.99 

2.37 

2.80 

3.27 

3.53 

1.05 

1.54 

1.70 

2.04 

2.43 

2.87 

3.35 

3.62 

1.10 

1.59 

1.75 

2.10 

2.49 

2.94 

3.43 

3.70 

1.15 

1.63 

1.79 

2.15 

2.55 

3.00 

3.51 

3.78 

1.20 

1.67 

1.83 

2.20 

2.61 

3.07 

3.58 

3.85 

1.25 

1.71 

1.87 

2.24 

2.66 

3.13 

3.65 

3.93 

1.30 

1.74 

1.91 

2.29 

2.71 

3.19 

3.71 

4.00 

1.35 

1.78 

1.95 

2.33 

2.76 

3.24 

3.78 

4.07 

1.40 

1.82 

1.99 

2.38 

2.81 

3.30 

3.84 

4.14 

1.45 

1.85 

2.03 

2.42 

2.86 

3.36 

3.91 

4.20 

1.50 

1.89 

2.07 

2.47 

2.91 

3.41 

3.97 

4.27 

1.55 

1.92 

2.11 

2.51 

2.96 

3.47 

4.03 

4.33 

1.60 

1.96 

2.15 

2.55 

3.01 

3.52 

4.09 

4.40 

1.65 

2.00 

2.19 

2.60 

3.06 

3.58 

4.15 

4.46 

1.70 

2.03 

2.22 

2.64 

3.11 

3.63 

4.22 

4.53 

1.75 

2.07 

2.26 

2.69 

3.16 

3.69 

4.28 

4.59 

1.80 

2.11 

2.30 

2.73 

3.21 

3.75 

4.34 

4.66 


(B) Left main coronary artery (mm) 


BSA (nr) 

'r, 

d 

1 

II 

N 

N 

II 

1 

to 

o 

N 

II 

1 

o 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

to 

Ui 

0.15 

0.81 

0.89 

1.05 

1.22 

1.41 

1.62 

1.73 

0.20 

0.86 

0.94 

1.11 

1.30 

1.51 

1.73 

1.86 

0.25 

0.91 

1.00 

1.19 

1.39 

1.62 

1.87 

2.01 

0.30 

0.97 

1.07 

1.27 

1.49 

1.74 

2.02 

2.16 

0.35 

1.04 

1.14 

1.36 

1.60 

1.87 

2.17 

2.33 
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Table 36.1 (continued) 


(B) Left main coronary artery (mm) 


BSA (m 2 ) 

Z = — 2.5 

N 

II 

1 

to 

o 

N 

II 

1 

b 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

N> 

Ui 

0.40 

1.10 

1.21 

1.45 

1.71 

2.00 

2.32 

2.49 

0.45 

1.17 

1.29 

1.54 

1.82 

2.12 

2.46 

2.65 

0.50 

1.24 

1.36 

1.63 

1.92 

2.24 

2.60 

2.79 

0.55 

1.31 

1.44 

1.71 

2.02 

2.36 

2.73 

2.93 

0.60 

1.38 

1.51 

1.79 

2.11 

2.46 

2.85 

3.06 

0.65 

1.44 

1.57 

1.87 

2.20 

2.56 

2.96 

3.18 

0.70 

1.50 

1.64 

1.94 

2.28 

2.66 

3.07 

3.29 

0.75 

1.55 

1.69 

2.01 

2.36 

2.74 

3.16 

3.39 

0.80 

1.60 

1.75 

2.07 

2.43 

2.82 

3.25 

3.48 

0.85 

1.65 

1.80 

2.13 

2.49 

2.89 

3.33 

3.57 

0.90 

1.70 

1.85 

2.19 

2.56 

2.97 

3.42 

3.66 

0.95 

1.74 

1.90 

2.24 

2.62 

3.04 

3.50 

3.74 

1.00 

1.79 

1.95 

2.30 

2.69 

3.11 

3.58 

3.83 

1.05 

1.84 

2.00 

2.36 

2.75 

3.18 

3.66 

3.91 

1.10 

1.89 

2.05 

2.41 

2.81 

3.25 

3.73 

3.99 

1.15 

1.93 

2.10 

2.47 

2.87 

3.32 

3.81 

4.07 

1.20 

1.98 

2.15 

2.52 

2.93 

3.38 

3.87 

4.14 

1.25 

2.02 

2.20 

2.57 

2.99 

3.44 

3.94 

4.20 

1.30 

2.07 

2.24 

2.62 

3.04 

3.50 

4.00 

4.27 

1.35 

2.11 

2.29 

2.67 

3.09 

3.56 

4.06 

4.33 

1.40 

2.15 

2.33 

2.72 

3.15 

3.61 

4.12 

4.39 

1.45 

2.20 

2.38 

2.77 

3.20 

3.67 

4.18 

4.45 

1.50 

2.24 

2.43 

2.82 

3.25 

3.72 

4.24 

4.51 

1.55 

2.29 

2.47 

2.87 

3.31 

3.78 

4.29 

4.57 

1.60 

2.34 

2.52 

2.92 

3.36 

3.83 

4.35 

4.62 

1.65 

2.39 

2.57 

2.97 

3.41 

3.89 

4.40 

4.68 

1.70 

2.44 

2.63 

3.03 

3.46 

3.94 

4.46 

4.73 

1.75 

2.49 

2.68 

3.08 

3.52 

3.99 

4.51 

4.78 

1.80 

2.54 

2.73 

3.13 

3.57 

4.05 

4.56 

4.83 


(C) Proximal left anterior descending artery (mm) 


BSA (nr) 

Z = — 2.5 

Z = — 2.0 

N 

II 

1 

b 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

K> 

Ut 

0.15 

0.67 

0.71 

0.81 

0.93 

1.07 

1.22 

1.31 

0.20 

0.71 

0.76 

0.88 

1.02 

1.18 

1.37 

1.48 

0.25 

0.76 

0.82 

0.96 

1.12 

1.32 

1.55 

1.68 

0.30 

0.80 

0.87 

1.04 

1.23 

1.46 

1.73 

1.88 

0.35 

0.85 

0.93 

1.11 

1.33 

1.59 

1.89 

2.07 

0.40 

0.89 

0.98 

1.18 

1.42 

1.71 

2.04 

2.24 

0.45 

0.94 

1.03 

1.25 

1.51 

1.82 

2.18 

2.39 

0.50 

0.98 

1.08 

1.32 

1.59 

1.92 

2.31 

2.52 

0.55 

1.02 

1.13 

1.38 

1.67 

2.01 

2.41 

2.64 

0.60 

1.07 

1.18 

1.44 

1.74 

2.10 

2.51 

2.74 
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Table 36.1 (continued) 


(C) Proximal left anterior descending artery (mm) 


BSA (m 2 ) 

Z = — 2.5 

N 

II 

1 

to 

o 

N 

II 

1 

b 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

N> 

Ui 

0.65 

1.10 

1.22 

1.49 

1.81 

2.17 

2.59 

2.83 

0.70 

1.14 

1.27 

1.54 

1.87 

2.24 

2.67 

2.91 

0.75 

1.18 

1.30 

1.59 

1.92 

2.30 

2.73 

2.97 

0.80 

1.21 

1.34 

1.63 

1.97 

2.36 

2.79 

3.03 

0.85 

1.24 

1.38 

1.68 

2.02 

2.41 

2.85 

3.09 

0.90 

1.28 

1.42 

1.72 

2.07 

2.47 

2.91 

3.15 

0.95 

1.32 

1.46 

1.77 

2.13 

2.52 

2.97 

3.21 

1.00 

1.36 

1.50 

1.82 

2.18 

2.58 

3.03 

3.27 

1.05 

1.40 

1.55 

1.87 

2.24 

2.65 

3.09 

3.34 

1.10 

1.44 

1.59 

1.93 

2.30 

2.71 

3.16 

3.40 

1.15 

1.48 

1.64 

1.98 

2.36 

2.77 

3.23 

3.47 

1.20 

1.52 

1.68 

2.03 

2.42 

2.84 

3.30 

3.54 

1.25 

1.56 

1.72 

2.08 

2.47 

2.90 

3.37 

3.61 

1.30 

1.59 

1.76 

2.12 

2.52 

2.96 

3.43 

3.68 

1.35 

1.62 

1.79 

2.17 

2.58 

3.02 

3.50 

3.75 

1.40 

1.65 

1.83 

2.21 

2.63 

3.08 

3.56 

3.82 

1.45 

1.68 

1.86 

2.26 

2.68 

3.14 

3.63 

3.89 

1.50 

1.71 

1.90 

2.30 

2.73 

3.20 

3.70 

3.96 

1.55 

1.74 

1.93 

2.34 

2.79 

3.26 

3.76 

4.02 

1.60 

1.77 

1.97 

2.39 

2.84 

3.32 

3.83 

4.09 

1.65 

1.80 

2.00 

2.43 

2.89 

3.38 

3.89 

4.16 

1.70 

1.83 

2.04 

2.48 

2.94 

3.44 

3.96 

4.23 

1.75 

1.86 

2.07 

2.52 

3.00 

3.50 

4.02 

4.29 

1.80 

1.89 

2.11 

2.57 

3.05 

3.56 

4.08 

4.36 


(D) Proximal left circumflex artery (mm) 


BSA (nr) 

N 

II 

1 

to 

L/t 

N 

II 

1 

to 

o 

N 

II 

1 

o 

Z = 0 

Z=1.0 

Z = 2.0 

Z = 2.5 

0.15 

0.52 

0.57 

0.68 

0.80 

0.94 

1.10 

1.18 

0.20 

0.56 

0.62 

0.75 

0.89 

1.06 

1.25 

1.36 

0.25 

0.61 

0.68 

0.83 

1.00 

1.21 

1.45 

1.58 

0.30 

0.65 

0.73 

0.90 

1.10 

1.34 

1.63 

1.78 

0.35 

0.70 

0.78 

0.97 

1.20 

1.47 

1.78 

1.96 

0.40 

0.74 

0.83 

1.04 

1.28 

1.58 

1.92 

2.11 

0.45 

0.78 

0.88 

1.10 

1.36 

1.67 

2.04 

2.25 

0.50 

0.82 

0.92 

1.15 

1.43 

1.76 

2.15 

2.37 

0.55 

0.86 

0.97 

1.21 

1.50 

1.84 

2.25 

2.47 

0.60 

0.90 

1.01 

1.26 

1.56 

1.91 

2.33 

2.57 

0.65 

0.93 

1.04 

1.30 

1.61 

1.98 

2.41 

2.66 

0.70 

0.96 

1.08 

1.35 

1.66 

2.04 

2.49 

2.74 

0.75 

0.99 

1.11 

1.38 

1.71 

2.10 

2.56 

2.81 

0.80 

1.02 

1.14 

1.42 

1.76 

2.15 

2.62 

2.88 

0.85 

1.04 

1.17 

1.46 

1.80 

2.20 

2.68 

2.95 
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Table 36.1 (continued) 


(D) Proximal left circumflex artery (mm) 


BSA ( m 2 ) 

Z = — 2.5 

Z = — 2.0 

N 

II 

1 

o 

Z = 0 

Z = 1.0 

Z = 2.0 

N 

II 

N > 

Ui 

0.90 

1.07 

1.20 

1.49 

1.84 

2.25 

2.74 

3.01 

0.95 

1.10 

1.23 

1.53 

1.88 

2.31 

2.80 

3.08 

1.00 

1.12 

1.26 

1.56 

1.93 

2.36 

2.87 

3.16 

1.05 

1.15 

1.29 

1.60 

1.98 

2.42 

2.94 

3.23 

1.10 

1.18 

1.32 

1.64 

2.02 

2.48 

3.01 

3.31 

1.15 

1.20 

1.35 

1.68 

2.07 

2.54 

3.08 

3.39 

1.20 

1.23 

1.38 

1.72 

2.12 

2.60 

3.16 

3.47 

1.25 

1.26 

1.41 

1.75 

2.17 

2.65 

3.23 

3.55 

1.30 

1.28 

1.44 

1.79 

2.21 

2.71 

3.29 

3.62 

1.35 

1.31 

1.46 

1.82 

2.25 

2.76 

3.36 

3.69 

1.40 

1.33 

1.49 

1.86 

2.30 

2.81 

3.42 

3.77 

1.45 

1.35 

1.52 

1.89 

2.34 

2.87 

3.49 

3.84 

1.50 

1.38 

1.54 

1.93 

2.38 

2.92 

3.56 

3.92 

1.55 

1.40 

1.57 

1.96 

2.43 

2.98 

3.63 

3.99 

1.60 

1.43 

1.60 

2.00 

2.47 

3.04 

3.70 

4.07 

1.65 

1.45 

1.63 

2.03 

2.52 

3.10 

3.77 

4.15 

1.70 

1.48 

1.66 

2.07 

2.57 

3.15 

3.85 

4.24 

1.75 

1.50 

1.69 

2.11 

2.61 

3.21 

3.92 

4.32 

1.80 

1.53 

1.71 

2.15 

2.66 

3.27 

3.99 

4.39 


www.ketabpezeshki.com 


66485457-66963820 


Coronary Artery Diameter Z Score Calculator 


329 


Table 36.2 Coronary artery diameter according to Z score and BSA, females 


(A) Proximal right coronary artery (mm) 


BSA (m 2 ) 

Z = — 2.5 

Z = — 2.0 

N 

II 

1 

b 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

N> 

Ui 

0.15 

0.57 

0.64 

0.80 

0.98 

1.16 

1.36 

1.47 

0.20 

0.63 

0.71 

0.88 

1.07 

1.27 

1.49 

1.60 

0.25 

0.68 

0.77 

0.96 

1.16 

1.38 

1.61 

1.73 

0.30 

0.74 

0.83 

1.03 

1.25 

1.48 

1.73 

1.86 

0.35 

0.80 

0.90 

1.11 

1.34 

1.59 

1.85 

1.99 

0.40 

0.85 

0.96 

1.18 

1.43 

1.69 

1.97 

2.12 

0.45 

0.91 

1.02 

1.26 

1.52 

1.79 

2.09 

2.24 

0.50 

0.96 

1.08 

1.33 

1.60 

1.89 

2.20 

2.36 

0.55 

1.01 

1.14 

1.40 

1.68 

1.98 

2.30 

2.47 

0.60 

1.06 

1.19 

1.46 

1.76 

2.07 

2.40 

2.58 

0.65 

1.11 

1.25 

1.53 

1.83 

2.16 

2.50 

2.68 

0.70 

1.16 

1.30 

1.59 

1.90 

2.24 

2.59 

2.77 

0.75 

1.21 

1.35 

1.65 

1.97 

2.31 

2.68 

2.87 

0.80 

1.25 

1.39 

1.70 

2.03 

2.38 

2.76 

2.95 

0.85 

1.29 

1.44 

1.75 

2.09 

2.45 

2.84 

3.04 

0.90 

1.33 

1.48 

1.81 

2.15 

2.52 

2.91 

3.11 

0.95 

1.37 

1.52 

1.85 

2.21 

2.58 

2.98 

3.19 

1.00 

1.41 

1.57 

1.90 

2.26 

2.64 

3.05 

3.26 

1.05 

1.44 

1.60 

1.95 

2.31 

2.70 

3.12 

3.33 

1.10 

1.48 

1.64 

1.99 

2.36 

2.76 

3.18 

3.40 

1.15 

1.51 

1.68 

2.03 

2.41 

2.81 

3.24 

3.46 

1.20 

1.55 

1.72 

2.07 

2.46 

2.87 

3.30 

3.52 

1.25 

1.58 

1.75 

2.12 

2.50 

2.92 

3.36 

3.58 

1.30 

1.61 

1.79 

2.16 

2.55 

2.97 

3.41 

3.64 

1.35 

1.65 

1.82 

2.20 

2.60 

3.02 

3.47 

3.70 

1.40 

1.68 

1.86 

2.24 

2.64 

3.07 

3.52 

3.76 

1.45 

1.71 

1.89 

2.27 

2.68 

3.12 

3.58 

3.82 

1.50 

1.74 

1.93 

2.31 

2.73 

3.17 

3.63 

3.87 

1.55 

1.78 

1.96 

2.35 

2.77 

3.22 

3.69 

3.93 

1.60 

1.81 

2.00 

2.39 

2.82 

3.27 

3.74 

3.99 

1.65 

1.84 

2.03 

2.43 

2.86 

3.32 

3.79 

4.04 

1.70 

1.88 

2.07 

2.47 

2.91 

3.36 

3.85 

4.10 

1.75 

1.91 

2.10 

2.51 

2.95 

3.41 

3.90 

4.16 

1.80 

1.94 

2.14 

2.55 

2.99 

3.46 

3.95 

4.21 


(B) Left main coronary artery (mm) 


BSA (nr) 

'r, 

d 

1 

II 

N 

N 

II 

1 

to 

o 

N 

II 

1 

o 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

to 

Ln 

0.15 

0.75 

0.83 

1.00 

1.19 

1.41 

1.65 

1.78 

0.20 

0.79 

0.88 

1.06 

1.27 

1.50 

1.75 

1.89 

0.25 

0.84 

0.93 

1.12 

1.34 

1.59 

1.87 

2.02 

0.30 

0.89 

0.98 

1.19 

1.43 

1.69 

1.99 

2.15 

0.35 

0.95 

1.05 

1.27 

1.52 

1.80 

2.12 

2.29 
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Table 36.2 (continued) 


(B) Left main coronary artery (mm) 


BSA (m 2 ) 

Z = — 2.5 

Z = — 2.0 

N 

II 

1 

o 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

N> 

Ui 

0.40 

1.01 

1.12 

1.35 

1.62 

1.92 

2.25 

2.43 

0.45 

1.08 

1.20 

1.45 

1.73 

2.04 

2.39 

2.58 

0.50 

1.16 

1.28 

1.54 

1.83 

2.16 

2.52 

2.71 

0.55 

1.24 

1.36 

1.63 

1.93 

2.27 

2.64 

2.84 

0.60 

1.32 

1.44 

1.72 

2.03 

2.37 

2.74 

2.95 

0.65 

1.39 

1.52 

1.80 

2.11 

2.46 

2.84 

3.04 

0.70 

1.46 

1.59 

1.87 

2.19 

2.54 

2.92 

3.13 

0.75 

1.52 

1.65 

1.94 

2.26 

2.62 

3.00 

3.21 

0.80 

1.58 

1.71 

2.01 

2.33 

2.69 

3.08 

3.29 

0.85 

1.63 

1.77 

2.06 

2.39 

2.76 

3.15 

3.36 

0.90 

1.67 

1.81 

2.12 

2.45 

2.82 

3.22 

3.44 

0.95 

1.71 

1.86 

2.17 

2.51 

2.88 

3.29 

3.51 

1.00 

1.75 

1.90 

2.21 

2.56 

2.94 

3.36 

3.58 

1.05 

1.79 

1.94 

2.26 

2.61 

3.00 

3.42 

3.65 

1.10 

1.82 

1.97 

2.30 

2.66 

3.05 

3.48 

3.71 

1.15 

1.86 

2.01 

2.34 

2.70 

3.10 

3.54 

3.77 

1.20 

1.89 

2.05 

2.38 

2.75 

3.16 

3.60 

3.83 

1.25 

1.93 

2.08 

2.42 

2.80 

3.21 

3.66 

3.90 

1.30 

1.96 

2.12 

2.47 

2.85 

3.27 

3.72 

3.96 

1.35 

2.00 

2.16 

2.51 

2.90 

3.32 

3.79 

4.03 

1.40 

2.03 

2.20 

2.56 

2.95 

3.38 

3.85 

4.10 

1.45 

2.07 

2.24 

2.60 

3.00 

3.44 

3.92 

4.18 

1.50 

2.11 

2.28 

2.65 

3.06 

3.50 

3.99 

4.25 

1.55 

2.15 

2.32 

2.70 

3.11 

3.56 

4.05 

4.32 

1.60 

2.19 

2.36 

2.74 

3.16 

3.62 

4.12 

4.38 

1.65 

2.23 

2.41 

2.79 

3.21 

3.67 

4.18 

4.45 

1.70 

2.26 

2.45 

2.83 

3.26 

3.73 

4.24 

4.51 

1.75 

2.30 

2.48 

2.88 

3.31 

3.78 

4.30 

4.57 

1.80 

2.34 

2.52 

2.92 

3.36 

3.83 

4.35 

4.63 


(C) Proximal left anterior descending artery (mm) 


BSA (nr) 

Z = — 2.5 

Z = — 2.0 

N 

II 

1 

b 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

K> 

Ui 

0.15 

0.64 

0.69 

0.80 

0.92 

1.07 

1.25 

1.35 

0.20 

0.70 

0.75 

0.87 

1.01 

1.18 

1.38 

1.49 

0.25 

0.75 

0.81 

0.94 

1.10 

1.29 

1.51 

1.64 

0.30 

0.80 

0.86 

1.01 

1.19 

1.40 

1.65 

1.79 

0.35 

0.85 

0.92 

1.08 

1.28 

1.51 

1.78 

1.93 

0.40 

0.90 

0.97 

1.15 

1.37 

1.61 

1.91 

2.08 

0.45 

0.94 

1.03 

1.22 

1.45 

1.72 

2.03 

2.21 

0.50 

0.99 

1.08 

1.29 

1.53 

1.82 

2.15 

2.34 

0.55 

1.03 

1.13 

1.35 

1.61 

1.91 

2.26 

2.45 

0.60 

1.07 

1.17 

1.41 

1.68 

1.99 

2.35 

2.56 
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Table 36.2 (continued) 


(C) Proximal left anterior descending artery (mm) 


BSA ( m 2 ) 

Z = — 2.5 

N 

II 

1 

to 

o 

N 

II 

1 

o 

Z = 0 

Z = 1.0 

Z = 2.0 

N 

II 

N > 

Ui 

0.65 

1.10 

1.21 

1.46 

1.74 

2.07 

2.44 

2.65 

0.70 

1.14 

1.25 

1.51 

1.80 

2.14 

2.52 

2.73 

0.75 

1.17 

1.29 

1.56 

1.86 

2.21 

2.60 

2.81 

0.80 

1.21 

1.33 

1.60 

1.92 

2.27 

2.67 

2.89 

0.85 

1.24 

1.37 

1.65 

1.97 

2.33 

2.74 

2.96 

0.90 

1.27 

1.40 

1.69 

2.02 

2.39 

2.80 

3.02 

0.95 

1.30 

1.43 

1.73 

2.07 

2.44 

2.86 

3.09 

1.00 

1.33 

1.47 

1.77 

2.11 

2.49 

2.92 

3.14 

1.05 

1.36 

1.50 

1.81 

2.16 

2.54 

2.97 

3.20 

1.10 

1.38 

1.53 

1.85 

2.20 

2.59 

3.02 

3.25 

1.15 

1.41 

1.56 

1.88 

2.24 

2.64 

3.07 

3.30 

1.20 

1.44 

1.59 

1.92 

2.29 

2.69 

3.12 

3.36 

1.25 

1.47 

1.62 

1.96 

2.33 

2.74 

3.17 

3.41 

1.30 

1.50 

1.66 

2.00 

2.37 

2.78 

3.23 

3.46 

1.35 

1.53 

1.69 

2.04 

2.42 

2.83 

3.28 

3.51 

1.40 

1.56 

1.72 

2.08 

2.47 

2.88 

3.33 

3.56 

1.45 

1.59 

1.76 

2.12 

2.51 

2.93 

3.38 

3.62 

1.50 

1.62 

1.80 

2.16 

2.56 

2.98 

3.43 

3.67 

1.55 

1.66 

1.83 

2.21 

2.61 

3.03 

3.49 

3.72 

1.60 

1.69 

1.87 

2.25 

2.66 

3.09 

3.54 

3.77 

1.65 

1.73 

1.91 

2.29 

2.70 

3.14 

3.59 

3.82 

1.70 

1.76 

1.95 

2.34 

2.75 

3.19 

3.64 

3.88 

1.75 

1.80 

1.99 

2.38 

2.80 

3.23 

3.69 

3.93 

1.80 

1.83 

2.03 

2.43 

2.85 

3.28 

3.74 

3.97 


(D) Proximal left circumflex artery (mm) 


BSA ( nr ) 

N 

II 

1 

to 

L/t 

N 

II 

1 

to 

o 

N 

II 

1 

o 

Z = 0 

Z = 1.0 

Z = 2.0 

Z = 2.5 

0.15 

0.51 

0.56 

0.67 

0.81 

0.98 

1.18 

1.30 

0.20 

0.56 

0.61 

0.74 

0.89 

1.08 

1.31 

1.44 

0.25 

0.60 

0.66 

0.80 

0.97 

1.18 

1.43 

1.58 

0.30 

0.64 

0.71 

0.86 

1.05 

1.28 

1.55 

1.71 

0.35 

0.68 

0.76 

0.93 

1.13 

1.38 

1.67 

1.84 

0.40 

0.72 

0.80 

0.99 

1.21 

1.47 

1.79 

1.97 

0.45 

0.76 

0.85 

1.05 

1.28 

1.56 

1.90 

2.09 

0.50 

0.80 

0.89 

1.10 

1.35 

1.65 

2.01 

2.20 

0.55 

0.83 

0.93 

1.15 

1.42 

1.74 

2.11 

2.31 

0.60 

0.86 

0.97 

1.21 

1.49 

1.82 

2.20 

2.42 

0.65 

0.89 

1.00 

1.25 

1.55 

1.89 

2.29 

2.51 

0.70 

0.92 

1.04 

1.30 

1.61 

1.96 

2.37 

2.60 

0.75 

0.95 

1.07 

1.34 

1.66 

2.03 

2.45 

2.68 

0.80 

0.97 

1.10 

1.39 

1.72 

2.09 

2.52 

2.75 

0.85 

1.00 

1.13 

1.43 

1.77 

2.15 

2.59 

2.83 
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Table 36.2 (continued) 


(D) Proximal left circumflex artery (mm) 


BSA (nr) 

Z = — 2.5 

N 

II 

1 

to 

o 

N 

II 

1 

o 

Z = 0 

Z=1.0 

Z = 2.0 

N 

II 

N> 

Ui 

0.90 

1.02 

1.16 

1.47 

1.81 

2.21 

2.65 

2.89 

0.95 

1.05 

1.19 

1.50 

1.86 

2.26 

2.71 

2.95 

1.00 

1.07 

1.21 

1.54 

1.90 

2.31 

2.77 

3.01 

1.05 

1.09 

1.24 

1.57 

1.95 

2.36 

2.82 

3.06 

1.10 

1.11 

1.27 

1.61 

1.99 

2.41 

2.87 

3.11 

1.15 

1.14 

1.29 

1.64 

2.03 

2.45 

2.92 

3.16 

1.20 

1.16 

1.32 

1.68 

2.07 

2.50 

2.96 

3.21 

1.25 

1.18 

1.35 

1.71 

2.11 

2.54 

3.01 

3.26 

1.30 

1.20 

1.37 

1.74 

2.14 

2.58 

3.05 

3.30 

1.35 

1.23 

1.40 

1.77 

2.18 

2.62 

3.09 

3.34 

1.40 

1.25 

1.43 

1.81 

2.22 

2.66 

3.14 

3.38 

1.45 

1.27 

1.46 

1.84 

2.26 

2.71 

3.18 

3.43 

1.50 

1.30 

1.48 

1.88 

2.30 

2.75 

3.22 

3.47 

1.55 

1.32 

1.51 

1.91 

2.34 

2.79 

3.26 

3.51 

1.60 

1.35 

1.54 

1.94 

2.37 

2.83 

3.30 

3.55 

1.65 

1.37 

1.57 

1.98 

2.41 

2.87 

3.34 

3.59 

1.70 

1.40 

1.60 

2.01 

2.45 

2.91 

3.38 

3.63 

1.75 

1.42 

1.63 

2.05 

2.49 

2.95 

3.43 

3.67 

1.80 

1.45 

1.66 

2.08 

2.53 

2.99 

3.47 

3.71 
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Evidence of Endothelial Damage in Acute KD 


Keiichi Hirono and Fukiko Ichida 


Abstract Although the cause of Kawasaki disease (KD) is unknown, endothelial 
dysfunction is a key event in atherogenesis associated with KD. Systemic endo- 
thelial dysfunction in KD in reflected by flow-mediated dilation of the brachial artery, 
particularly in children with coronary artery lesions. Nitric oxide has a key role in 
maintaining the vascular wall, especially endothelial cells. Nitric oxide synthase 
(NOS) function is disrupted in patients with KD, and a genetic link exists in the 
form of NOS gene polymorphisms. Levels of endothelial microparticles, circulating 
markers of endothelial cell damage, are significantly higher during acute KD and 
lower during convalescence of KD. Levels of endothelial progenitor cells, which 
contribute to endothelial repair and neovascularization, are lower in KD patients with 
coronary artery lesions. These measures of endothelial function yield important 
evidence regarding vascular biology in KD and may help uncover the mechanisms 
of and new therapies for KD. 

Keywords Endothelial dysfunction • NO • FMD • EMP • EPC 
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Introduction 

Kawasaki disease (KD) is an acute inflammatory syndrome that manifests as 
systemic vasculitis. Acute inflammation and the subsequent reparative processes 
may lead to permanent changes in arterial structures and hemodynamics — even 
during convalescence of KD — including increased carotid arterial intima-media 
thickness, endothelial dysfunction, and increased arterial stiffness. Repairing dam- 
aged endothelial cells is therefore essential in preventing the development and 
progression of vascular lesions. 

The present review summarizes the present understanding of endothelial dys- 
function in KD and the strengths, weaknesses, and potential clinical applications of 
current testing methods. 


The Endothelium and Endothelial Injury and Repair 

The endothelium is a thin layer of cells that lines the interior surface of blood 
vessels and lymphatic vessels, forming an interface between circulating blood or 
lymph in the lumen and the rest of the vessel wall. Although only a simple 
monolayer, the healthy endothelium is optimally placed and is able to respond to 
physical and chemical signals by producing a wide range of factors that regulate 
vascular tone, cellular adhesion, thromboresistance, smooth muscle cell prolifer- 
ation, and vessel wall inflammation. 

Endothelial dysfunction is a systemic pathologic state of the endothelium and 
can be broadly defined as an imbalance between vasodilating and vasoconstricting 
substances produced by the endothelium. Normal functions of endothelial cells 
include mediation of coagulation, platelet adhesion, immune function, and control 
of volume and content of electrolyte in intravascular and extravascular spaces. A 
key quantifiable feature of endothelial dysfunction is the inability of arteries and 
arterioles to dilate fully in response to an appropriate stimulus that triggers release 
of vasodilators from the endothelium, like nitric oxide (NO). NO helps keep the 
vascular wall in a quiescent state by inhibiting inflammation, cellular proliferation, 
and thrombosis. Endothelial dysfunction is commonly associated with decreased 
NO bioavailability, which is due to impaired NO production by the endothelium 
and/or increased inactivation of NO by reactive oxygen species (ROS). 


Clinical Assessment of Endothelial Function and KD 

A noninvasive method to measure endothelial dysfunction is %flow-mediated 
dilation (FMD) on brachial artery ultrasound imaging. A negative correlation 
between FMD and baseline artery size is recognized as a fundamental scaling 
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problem, leading to biased estimates of endothelial function. Several previous 
reports have shown that there is systemic endothelial dysfunction late after KD 
onset, as reflected in FMD of the brachial artery, particularly in children with CAL 
[1, 2 \. However, other reports found that systemic endothelial dysfunction was not 
present late after KD and that there was no relationship with coronary artery 
involvement [1, 3]. These discrepancies may be related to variations in the racial 
and KD characteristics of patient and normal control subject populations, acute- 
stage therapeutic regimens, and length of follow-up, or to small sample sizes and 
problems in ultrasonographic assessment. Additional long-term international stud- 
ies are needed in order to assess the impact of KD on vascular health. Recently, 
Huang et al. reported that ongoing chronic vascular inflammation and endothelial 
dysfunction were present in children with CAL late after KD, as reflected by 
increased high-sensitivity c-reactive protein (hs-CRP) level and reduced FMD [4]. 

Interestingly, Kurio et al. studied acetylcholine-induced vasodilatation of the 
microcirculation, as determined by laser Doppler fluximetry (LDF) [5], Transient 
endothelial dysfunction of the microvasculature was documented during acute KD, 
but microvascular endothelial function was similar to controls after recovery from 
KD. These findings suggest that endothelial damage in KD is confined to medium- 
size or larger arteries and does not involve the microcirculation. 


Circulating Markers of Endothelial Function and KD 

The numerous functions of the endothelium can be better appreciated by studying 
the levels of molecules of endothelial origin in circulating blood. These include 
direct products of endothelial cells that change when the endothelium is activated, 
such as measures of NO biology, inflammatory cytokines, adhesion molecules, and 
regulators of thrombosis, as well as markers of endothelial function. 

NO is synthesized by two NOS isoforms, termed endothelial NOS (eNOS) and 
inducible NOS (iNOS), and has diverse roles in the physiology and pathophysiol- 
ogy of the cardiovascular system. Yu et al. demonstrated that neutrophils, mono- 
cytes, and endothelial cells express iNOS at different stages in acute KD and that 
iNOS expression in neutrophils was maximal and restricted to the very early stage 
[6], They suggested that NO synthesized by iNOS in neutrophils has a role in 
triggering early endothelial dysfunction in acute KD. The degree of iNOS expres- 
sion in response to inflammatory stimuli in KD might differ from that in bacterial 
infection, and this discrepancy may be due to gene polymorphisms in the iNOS 
promoter, leading to increased iNOS expression. Recently, Yoshimura 
et al. reported that in acute KD neutrophils generate both NO and ROS [7]. NO 
production by neutrophils was increased only during early KD and decreased after 
IVIG treatment, while ROS production increased to the same level as that in febrile 
controls [7]. These findings suggest that immune system abnormalities in KD might 
be caused by NO overproduction; however, the role of NO in endothelial damage 
remains to be elucidated. 
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Endothelial microparticles (EMPs) are vesicles formed by the cell membrane 
after endothelial activation. The details of EMP composition can be used to 
characterize the status of the parent endothelial cell. The characteristics of circu- 
lating EMPs during the different stages of KD in children are not well understood. 
Guiducci et al. reported increased numbers of microparticles in KD patients, mainly 
from endothelial cells and T cells, after IVIG therapy [8]. Tan et al. found elevated 
EMP levels in KD patients, a positive correlation with tumor necrosis factor-a, and 
a negative correlation with albumin, suggesting involvement of EMPs in the 
development of vasculitis in children with KD [9]. Recently, Ding et al. reported 
that EMP levels were higher in plasma of patients with acute or subacute KD and 
were lower during convalescence, suggesting that endothelial damage persists 
during convalescence of KD [10]. 

Endothelial progenitor cells (EPCs) in postnatal bone marrow and peripheral 
blood may contribute to endothelial repair and neovascularization. Nakatani 
et al. reported that the number of EPCs was elevated during acute KD in patients 
with CAL, which contradicts very recent findings regarding the convalescent phase 
[11, 12], This apparent contradiction suggests that EPC mobilization may be 
biphasic, ie, that there is an increase during acute KD and a decrease during 
convalescence. In the early phase, EPCs are increased, reflecting bone marrow 
response to diffuse, severe endothelial damage. During convalescence, increased 
consumption of EPCs may decrease circulating EPCs. It is generally believed that a 
reduction in the number of EPCs is a result of exhaustion of the pool of progenitor 
cells available in bone marrow [13], Several recent studies reported that KD 
patients with CALs, irrespective of persistence of coronary aneurysms, have 
fewer circulating EPCs and arterial dysfunction during late convalescence. The 
decrease in circulating EPCs, with subsequent impairment of endothelial cell repair 
and function, may be at least partially related to arterial dysfunction [12, 14], 

Furui et al. investigated the relationship between plasma levels of soluble forms 
of the selectin family and incidence of CALs in patients with KD [15]. Before 
intravenous immunoglobulin treatment, plasma levels of E- and P-selectin were 
significantly higher in patients with CALs than in those without CALs. 

Strategies to reverse endothelial function are now being evaluated in patients 
with KD. Benefits have been seen with a number of pharmacologic interventions, 
including drugs that lower lipids and blood pressure and with novel therapies based 
on a new understanding of endothelial biology. Matrix metalloproteinase (MMP)-9 
is a member of the MMP family that has elastolytic activity and is involved in 
cardiac remodeling. A recent study found that MMP-9 was involved in coronary 
artery aneurysm formation in KD patients [16, 17]. Inoue et al. reported that 
MMP-9 was inhibited by captopril in KD patients [18], Hamaoka et al. showed 
that short-term statin therapy improved chronic vascular inflammation and endo- 
thelial dysfunction in these patients [4, 19]. Statins may prove to be a potent therapy 
for chronic vascular inflammation and endothelial dysfunction with no adverse 
effects in children with CAL late after KD. 
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Recent Advances 

Assessment of endothelial function shows great promise because it reflects impor- 
tant aspects of vascular biology, is associated with disease burden and outcome, and 
responds to interventions. Furthermore, as with other biomarkers used in research, 
clinical usefulness will depend on obtaining more information on the quantitative 
relationship between measures of endothelial function and outcomes, not merely 
associations shown in cohorts. 

A comprehensive approach that involves measurement of genetic predisposition, 
risk factors, endothelial function, and structural arterial disease is likely to be the 
best way to evaluate new treatment strategies, particularly in the early preclinical 
phase of KD. 
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Oxidative Stress in Kawasaki Disease 

Tomoyo Yahata and Kenji Hamaoka 


Abstract Because inflammation and oxidative stress are closely related, oxidative 
stress cannot be ignored when considering pathologic conditions associated with 
inflammation-based Kawasaki disease (KD). KD pathogenesis is triggered by 
certain unknown infectious factors that activate one or multiple inflammation 
pathways via intricately intertwined cytokine cascades. Overproduction of reactive 
oxygen species from activated inflammation pathways increases oxidative stress in 
the body and results in an endless vicious cycle between inflammation reactions and 
reactive oxygen, which presumably underlies the diffuse vasculitis formed during 
acute KD. Although vascular inflammation and oxidative stress can be rapidly 
suppressed by treatment during the acute phase, they may persist in various forms 
for a long time. This has recently been identified as a concern in late KD. Generally, 
the presence of vascular inflammation and oxidative stress impairs blood vessels, 
leading to atherosclerosis onset, a widely recognized risk (Li et ah, Atherosclerosis 
237( 1 ):208— 219, 2014). This chapter will focus on determining whether the same is 
valid for blood vessels in late KD. 

Keywords Oxidative stress • Reactive oxygen species • NAD(P)H • 
Hydroperoxide • Endothelial dysfunction • Arteriosclerosis • Atherosclerosis 


What Is Oxidative Stress? 

The redox system is one of the body’s regulation systems to maintain homeostasis 
against external stress. Reactive oxygen species (ROS) produced by internal or 
external factors are normally reduced by the ROS elimination system of the body. 
However, when the elimination system is overwhelmed by overproduction of ROS, 
excessive ROS accumulate inside the body or are converted to further reactive 
ROS, resulting in a state of oxidative stress [1] (Fig. 1). 
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Production 

Elimination 



Fig. 1 What is oxidative stress? When the elimination system is overwhelmed by oveiproduction 
of ROS, excessive ROS accumulate inside the body or are converted to further reactive ROS, 
causing oxidative stress 


Phagocytes are at the forefront of innate immunity and are part of the biological 
defense mechanism. NAD(P)H oxidase controls the ROS production system in 
cells. When inflammation is triggered, NAD(P)H oxidase in neutrophils and mac- 
rophages rapidly produces large quantities of ROS as a biological defense mecha- 
nism. If the reaction is impaired, the body fails to kill bacteria and other pathogens 
and thus becomes more susceptible to infection. Therefore, oxidative stress can be 
regarded as a defensive reaction of the body and is not always harmful. However, 
excessive ROS can target any organic substances in the body, including lipids, 
proteins, amino acids, and nucleic acids, causing oxidative damage to these sub- 
stances. This induces lipid peroxidation, protein denaturation, and oxidative 
DNA damage. Thus, oxidative stress is a double-edged sword in maintaining 
homeostasis. 


Inflammation and Oxidative Stress 

During acute Kawasaki disease (KD), monocyte/macrophage-dominant inflamma- 
tory cell infiltration is observed in all layers of arteries, exhibiting an “inflamma- 
tion” condition [2], These cells are activated by proinflammatory cytokines (known 
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as priming), resulting in their migration and infiltration. The primed inflammatory 
cells are irritable and can easily show reactions such as ROS production. 

Factors involved in ROS production at the time of inflammation are diverse, 
including infiltrating neutrophils and macrophages, xanthine oxidase in vascular 
endothelial cells, arachidonic acid metabolism initiated by the activation of phos- 
pholipase A2, and intracellular mitochondria. Among these factors, infiltrating 
inflammatory cells are believed to be the main source of ROS production, as 
mentioned above, and large quantities of ROS produced by NAD(P)H oxidase [3] 
on the cell membrane are also involved in priming neutrophils. Intranuclear NF-kB 
in inflammatory cells is activated by increased oxidative stress, thus facilitating 
production of various cytokines and expression of cell adhesion molecules. More- 
over, arachidonic acid, which is released from the cell membrane during inflam- 
mation, has various functions, from producing ROS during its metabolic pathway 
to regulating NAD(P)H oxidase activation, and acts as an inflammatory agent. 
Furthermore, inducible NO synthase (iNOS) is expressed not only in infiltrating 
and accumulating inflammatory cells but also in vascular smooth muscle cells, 
leading to production of large amounts of NO. NOs derived from iNOS are unstable 
radicals, quickly reacting with superoxide under oxidative stress to form ONOO— , 
which then produces radicals that are even more reactive. These radicals have a 
strong propensity to impair vascular tissues [4]. 


Oxidative Stress During Acute KD 

Because the main pathologic condition of KD is vascular inflammation, it is 
possible that oxidative stress is increased during acute KD. Some recent reports 
support this view [5], We also simultaneously measured blood reactive oxygen 
metabolites (ROM), an indicator for the ROS production system, and blood bio- 
logical antioxidant potential (BAP), an indicator for the ROS elimination system, to 
assess oxidative stress in patients with the acute KD (Fig. 2) [6]. 

We examined 19 patients with acute KD, among whom 13 responded well to 
initial IV1G therapy (2 g/kg, single dose) and 6 were poor responders. All patients 
were tested for blood ROM and BAP immediately before IVIG therapy, 24 h after 
completion of IVIG administration, and 2 weeks after the end of IVIG therapy. The 
poor responders to IVIG subsequently underwent additional IVIG or steroid therapy 
after initial IVIG therapy to lower fever within 1 week. Among the IVIG 
responders, blood ROM levels were very high immediately before IVIG therapy 
but decreased during the initial IVIG treatment. In contrast, blood ROM levels in 
the nonresponders were very high immediately before IVIG, as in the responders, 
remained high after initial IVIG therapy, and were significantly lower 2 weeks 
thereafter. BAP levels in the IVIG responders did not change much before and after 
IVIG therapy and tended to gradually increase 2 weeks after IVIG therapy. In 
contrast, BAP did not significantly change during the disease course in 
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(a) Dynamics of dROM in acute KD 


§ 



(b) Dynamics of BAP in acute KD 


Fig. 2 (a) Dynamics of dROM in acute KD, (b) Dynamics of BAP in acute KD 


nonresponders. In addition, BAP immediately before IVIG therapy was signifi- 
cantly lower in nonresponders than in responders (p < 0.01). 

These findings suggest that ROS production is significantly increased during 
acute KD and then promptly decreases as inflammation resolves by an IVIG- 
independent mechanism. Thus, ROM level was useful for assessing therapeutic 
effects. Because the ROS elimination system changes somewhat later than the 
production system, the ROS elimination system may use stimulation from 
increased ROS as a trigger to gradually enhance its function. Nevertheless, our 
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results suggest that the functional capacity of the elimination system determines 
responsiveness to IVIG therapy and, by extension, the ability to recover from acute- 
phase damage. 

Although there seems to be general agreement that oxidative stress is increased 
during acute KD, it remains unclear whether oxidative stress is involved in KD 
pathogenesis. Some researchers argue that it is merely a by-product of vasculitis 
formation process during the acute phase, and thus antioxidative therapy is not 
actively considered as a treatment option for acute disease. However, one study 
found that administration of vitamins E and C was effective for coronary arteritis 
[7], In addition, recent studies showed an antioxidant effect for aspirin, which is 
listed in the acute-phase treatment guideline and is often used accordingly, for its 
pleiotropic effects [8], Although some clinicians disagree on the effectiveness of 
aspirin administration for acute KD, we must remember that aspirin should, at a 
minimum, be part of the treatment regimen during acute KD, when oxidative stress 
is clearly increased. 

The current acute-phase treatment regimen focuses on anti-inflammation. There 
is wide agreement on the use of IVIG as the first-line therapy. Recent large-scale 
studies showed that steroid [9], cyclosporine A [10], and anti-TNFa antibodies [11] 
are also effective as anti-inflammatory agents for acute KD. Therefore, the strategy 
for medical treatment of acute KD has been gradually diversifying. Along with this 
diversification, the incidence of coronary artery lesions, the most worrisome com- 
plication during acute KD, is decreasing but not yet zero. Under these circum- 
stances, the presence of increased oxidative stress during the acute phase represents 
an important foothold for creating new treatment strategies in the future, because 
controlling oxidative stress, which is closely linked to inflammation, is expected to 
be very useful in ensuring prompt resolution of inflammation during the acute 
phase. 


Involvement of Oxidative Stress in Vascular Illnesses After 
the Acute Phase 

What happens to blood vessels after the acute phase of KD? Unless a lethal 
complication such as coronary artery aneurysm rupture or thromboembolism 
occurs, intense systemic vasculitis subsides as a result of anti-inflammation therapy 
indicated in the guidelines for acute-phase treatment. Patients with severe inflam- 
mation resulting in destruction of vascular structures develop coronary artery 
lesions (CAL) to varying degrees. Because of the subsequent prolonged repair 
process of vascular remodeling, fibrosis and other inflammation scars remain. 
Patients with mild inflammation are not complicated by CAL and seemingly have 
no scarring. Therefore, patients without CAL are usually deemed cured during the 
period from a few months to a few years after KD onset and do not undergo further 
follow-up observation. However, recent controversial studies reported that blood 
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vessel impairment might be present during the late phase, even in patients without 
CAL [12]. Advanced examination methods can now detect intimal hypertrophy in 
blood vessels that were judged to be morphologically normal by conventional 
examination methods. Moreover, many studies have found evidence of blood vessel 
impairment, such as deterioration of vascular endothelial function and elevated 
high-sensitivity CRP values. If these reports are accurate, it would be risky to 
terminate follow-up observation. Evaluation of blood vessels after acute KD, 
when inflammation subsides, is an important issue because it can greatly affect 
the prognosis of late-phase KD. 

In general, oxidative stress is theoretically and naturally involved in the presence 
of vascular endothelial function impairment and chronic inflammation. The links 
among these three factors have been detailed in a number of studies, particularly in 
Ross’s response-to-inflammation hypothesis [13] and Steinberg’s oxidation hypoth- 
esis [14], and are widely accepted. 

Specifically, when vascular endothelial cells are impaired, the production of 
ROS increases. Subsequently, ROS activate NF-kB, triggering the release of 
various proinflammatory cytokines. Then, immunocompetent cells activated by 
cytokines adhere to endothelial cells and migrate subendothelially. Vascular 
smooth muscle cells and fibroblasts then migrate subendothelially and thrombi 
adhere, further impairing endothelial cells. This constitutes positive feedback. 
Previous studies have reported various sources of ROS production in vascular 
endothelial cells. Mitochondria and xanthine oxidase are reported as sources 
involved in hypoxia and hypercholesterolemia, respectively. In any case, this 
vicious cycle is believed to eventually lead to arteriosclerosis. 

In response, vascular endothelial cells constitutively express endothelial NO 
synthase (eNOS) to produce NO, thereby eliminating ROS. NO has other effects, 
such as vascular dilatation and platelet aggregation suppression effects, and sup- 
presses vascular remodeling and arteriosclerosis. It is worth noting that eNOS 
requires tetrahydrobiopterin (BH4) as a coenzyme to produce NO, and that when 
BH4 declines eNOS starts producing 0 2 — rather than NO, reversing the pathway to 
produce ROS. The present evidence supports the hypothesis that eNOS is as an 
ROS production source in certain diseases, such as arteriosclerosis and diabetes 
[15, 16]. Therefore, treatments to suppress vascular remodeling should consider 
both increasing eNOS and supplementing BH4. 

To discuss arteriosclerosis during late KD, one must first define the term 
arteriosclerosis. In general contexts, arteriosclerosis simply refers to atherosclero- 
sis, whereas arteriosclerosis during late KD refers to the presence of 
postinflammatory arteriosclerotic lesions. We need to clearly distinguish the two 
because they differ histologically [17]. Moreover, a study examined CAL in cases 
of adolescent KD, using a recently developed examination method called virtual 
histology intravascular ultrasound, which is capable of detailed pathological exam- 
ination. The results showed that patients with regressed aneurysms and coronary 
artery aneurysms mainly had fibrotic lesions, whereas intimal hypertrophy entailed 
a certain level of calcification. Moreover, more-severe lesions had more uneven 
components other than fibrotic hypertrophy, along with calcification, similar to 
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Fig. 3 Hypothetical mechanism of onset and progression of atherosclerosis in 
KD. Arteriosclerosis during late KD refers to postinflammatory arteriosclerotic lesions. We need 
to clearly distinguish arteriosclerosis from atherosclerosis because they are histologically differ- 
ent. There are limited data on atherosclerosis in KD, even now 

general arteriosclerosis lesions [18]. Vascular calcification during late KD has 
previously been considered to be all-round calcification in the tunica adventitia 
and tunica media, unlike calcification observed in arteriosclerosis. However, the 
new method enabled reporting of atherosclerosis-like calcification lesions. Further- 
more, another study reported that atherosclerosis developed in an animal model of 
KD-like vasculitis after challenge with a hypercholesterolemic diet [19]. This 
implies that atherosclerosis can develop and progress in young adults when other 
risk factors for arteriosclerosis, such as hyperlipidemia, are present during late 
KD. Additional studies will be necessary in order to address the issue, including 
the involvement of oxidative stress (Fig. 3). 


Real Picture of Oxidative Stress During Late KD 

To date, very few studies have examined oxidative stress during late KD. Our group 
measured urine 8-isoprostane, a sensitive marker of oxidative stress, and found that 
it was markedly increased in patients with a history of KD, regardless of the 
presence of CAL (Fig. 4). Thus, patients with a history of KD were under oxidative 
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8-isoprostane/Cre 

(pg/mg Cre) ( * p<0.05 vs. control) 



group A: patients with CAL 
group B: patients with transient CAL 
group C: patients without CAL 

Controls: n=367 (males: n=1 92; females: n=175), average 15.3 years 
KD patients: n=149 (males: n=91; females: n=58), average 15.6 years 
group A: n=32, group B: n=21, group C: n=96 

Fig. 4 8-isoprostane in chronic KD 

stress even during the late phase, indicating the possible involvement of oxidative 
stress in the onset and development of vascular endothelial cell impairment 
[12], Among these patients, those with CAL were treated with fluvastatin. We 
examined the vascular protective effects of this agent because statins have vascular 
protective effects mediated by increased eNOS production and activation as well as 
anti-oxidative effects, including suppression of NAD(P)H oxidase activity. The 
results showed improvement in %FMD, baPWV, and urine NOx, all of which are 
markers of vascular functions, as well as in highly sensitive CRP and urine 
8-isoprostane. These findings indicate that statins have vascular protective effects 
and improve vascular endothelial function as well as chronic inflammation 
(Fig. 5) [20], 

Before our report, an article reported that late-phase KD patients with reduced 
FMD showed FMD improvement after receiving the antioxidant vitamin C 
[21]. This suggests that oxidative stress is closely involved in the impairment of 
vascular endothelial cells during late KD and strongly supports the feasibility of 
improving vascular endothelial function by anti-oxidative therapy. 
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Fig. 5 (a) Dynamics of hs-CRP, (b) Dynamics of 8-isoprostane, (c) Dynamics of %FMD, (d) 
Dynamics of baPWV, (e) Dynamics of NOx 


%FMD 



after initiating fiuvastatin treatment 

(c) Dynamics of %FMD 
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baPWV 



after initiating fluvastatin treatment 

(d) Dynamics of baPWV 


(.U mol/mg Cre) 


urinary NOx/cre 



after initiating fluvastatin treatment 


(e) Dynamics of NOx 


Fig. 5 (continued) 


Conclusion 

As described above, oxidative stress is very likely involved in the pathology of 
acute and late KD in many ways and is not just a consequence of the pathologic 
processes. Therefore, oxidative stress should be regarded as a future therapeutic 
target for KD. This approach has already been gradually initiated. However, 
oxidative stress is involved in many signaling pathways, including the defense 
system against infections, and is not entirely harmful. Therefore, we must recon- 
sider whether ROS should be simply eliminated to prevent blood vessel impair- 
ment. Oxidative therapies, in which oxidative stress is given to activate anti- 
oxidative functions, are frequently administered in Germany and the United States. 
This illustrates that oxidative stress is difficult to manage because it is both harmful 
and beneficial. At what times, how, and to what extent should oxidative stress be 
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suppressed? The continued development of anti-oxidative therapies will likely 
yield answers to these questions. 
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Antiplatelet and Anticoagulant Therapies 
for Kawasaki Disease: Theory and Practice 


Masato Takahashi 


Abstract Antiplatelet and anticoagulant therapies are important elements in the 
medical management of Kawasaki disease (KD). Both the enzymatic coagulation 
cascade and platelets are activated on a systemic scale. Experimental evidence from 
in vitro models suggests that disturbed blood flow induces a coagulation cascade 
resulting in thrombin production. This line of evidence is relevant for KD patients 
with large coronary aneurysms. This chapter discusses antiplatelet and anti- 
coagulant drugs and examines evidence related to their use. Regarding thrombo- 
lytic therapy, the evidence suggests that intravenous therapy is equal to or better 
than an intracoronary approach in achieving desired therapeutic goals. Unresolved 
issues for improving the quality of antithrombotic therapies will require multicenter 
clinical research programs. 

Keywords Antiplatelet drugs • Anticoagulants • Aspirin • Aspirin resistance • 
Clopidogrel • Abciximab • Warfarin • Unfractionated heparin (UFH) • Low- 
molecular-weight heparin (LMWH) • tPA 


Introduction 

Because of the rarity of thromboembolism in children, we owe most of our 
knowledge to the extensive experience in adults. The concept of arterial thrombosis 
suggests coronary artery plaque rupture, which induces platelet adhesion. We 
conceptualize deep vein thrombosis in an immobile postoperative adult who 
develops venous thrombosis and pulmonary embolism. Kawasaki disease (KD) is 
a very different scenario that challenges us to think more critically, build our own 
hypothesis, and draw on innovative research ideas and results, with the hope of 
finding optimal, individualized therapies. This chapter describes salient points of 
KD pathophysiology and offers evidence-based recommendations for antiplatelet, 
anticoagulant, and thrombolytic therapies. 
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Historical Review 

During the time since Kawasaki’s original description, KD has become a world- 
wide health problem, and a series of changes have occurred in its treatment. 
Kawasaki felt that the new disease combined features of infection and collagen 
disease. His first 50 cases were treated with antibiotics and/or corticosteroids. None 
of these 50 patients died, and the disease was thus characterized as a self-limited 
process with benign outcomes. However, shortly after publication of his report, a 
number of patients with identical signs and symptoms died suddenly during con- 
valescence. Postmortem examinations of these patients showed thrombotic occlu- 
sion of coronary arteries. Imaging studies of living patients with KD also showed 
coronary artery aneurysms. At this point use of aspirin as an antithrombotic gained 
acceptance. Periodic nationwide surveys of KD showed that, by 1979, KD patients 
were treated predominantly with aspirin. Around the year 1982, intravenous immu- 
noglobulin (IVIG) gained acceptance from clinicians. A dramatic decline in KD 
fatality rate, from 2% to less than 0.5 %, occurred between 1975 and 1980. This 
coincided with the increased use of aspirin but was well before widespread accep- 
tance of IVIG. The fatality rate has further declined during the IVIG era, to 0.2 % 
[1]. Earlier IVIG treatment and wider use of warfarin or heparin for large aneu- 
rysms probably contributed to improved mortality. 


The Procoagulant State in KD 

Traditionally, thrombosis is dichotomized into arterial and venous thrombosis, 
which differ in pathogenesis, risk factors, and treatments [2], Arterial thrombosis 
is initiated at the site of vascular damage by activated platelets expressing a large 
array of membrane receptors that bind to collagen fibers and von Willebrand factor 
(vWF). Apropos of KD, inflammatory cytokines such as tumor necrosis factor 
induce endothelium to express adhesion molecules such as intercellular adhesion 
molecule 1 and P-selectin to capture leukocytes, and platelets initiate thrombosis. 
As the clot matures, various growth factors come into play to stimulate cellular 
migration and proliferation, resulting in vascular remodeling. 

In contrast, venous thrombosis is mainly driven by enzyme-based cascades of 
reactions, culminating in the action of tenase (the enzyme that activates factor X). 
The previous concept of coequal intrinsic and extrinsic pathways has been 
supplanted by a newer concept. The enzymatic cascade begins with an omnipresent 
tissue factor, which is activated by vascular injury. This activation is amplified by 
thrombin and factor XI through positive feedbacks, and may be mitigated by tissue 
factor inhibitor, antithrombin, and protein C [3], The fibrinolytic system 
represented by plasmin may reverse nascent thrombus. Another important factor 
is blood flow abnormalities, including turbulence and stagnation. Disturbed flow 
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can activate endothelium, which then interacts with monocytes and platelets, 
thereby promoting the coagulation cascade. 


Vasculitis as the Basis for Hypercoagulability 

Acute KD is unique in that the hypercoagulable state is created through simul- 
taneous activation of platelets and the enzymatic cascade. The third element of 
hypercoagulability is decreased fibrinolytic function, which is poorly understood in 
the context of KD. The intrinsically low levels of plasminogen in young infants may 
be important. In a prospective evaluation of coagulation status in 31 KD patients, 
Burns and colleagues found simultaneous increases in factor VIII activity, fibrin- 
ogen level, and thrombocytosis. Elevated plasma (S-thromboglobulin was noted in 
KD patients with coronary artery abnormalities, indicating platelet activation [4], 
Pathologically, acute KD is characterized by immune-mediated panvasculitis 
with necrosis of endothelium and reduced synthesis of nitric oxide and prostacyclin 
(PGD), and release of inflammatory markers such as tumor necrosis factor a, 
interleukin- 1 , interleukin-6, CD84, and anticardiolipin immune complex, all indi- 
cating a procoagulant state. Although clinically acute clinical symptoms subside 
within 1-2 weeks in most patients, there are signs that the chronic procoagulant 
state and endothelial dysfunction persist much longer. 


Flow Disturbance and Stagnation Stimulate Coagulation 

Recently, a series of bioengineering studies used in vitro models to evaluate 
disturbed flow in monolayers of cultured endothelium. These studies allowed 
measurement of shear stress at multiple points and the assay of biological markers 
of endothelial dysfunction. Endothelial cells exposed to disturbed flow showed 
increased intracellular levels of transcription factors (such as nuclear factor-KB) 
and surface expression of adhesion molecules (such as intercellular adhesion 
molecule 1 and E-selectin). There was enhanced adhesion of monocytes at a 
point downstream where laminar flow reemerged [5]. In another study, Fallon 
and colleagues used models of complex orifice geometry with changing lumen 
diameters to map blood velocity and shear stress profiles. Blood samples were 
tested for thrombin-antithrombin complex and platelet factor four levels. They 
showed that small changes in geometry affected the propensity for blood co- 
agulation by increasing thrombin generation [6], Using a murine model of 
blood stagnation by ligating the carotid artery, Kawasaki et al. induced tissue factor 
expression in luminal leukocytes initiating coagulation cascade, fibrin formation, 
and neointimal formation [7], Sengupta et al. used computed tomographic angio- 
grams to create a model of the aneurysmal coronary arteries of KD patients and 
found marked flow disturbances, namely, wall shear stress values that were an order 
of magnitude less than those seen in normal arteries. Particle residence times 
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(a measure of stagnation) in some cases spanned five cardiac cycles. Such abnormal 
rheology, when combined with procoagulant endothelium and activated platelets, 
would pose substantial short- and long-term risks of thrombosis [8]. 


Platelet Activation, Adhesion, and Aggregation in KD 

Inactive platelets are discoid and about one-third the size of erythrocytes. The 
membrane is studded with many types of receptors, and the cytoplasm contains 
storage granules (a-granules and dense granules) that are connected with the open 
canalicular system. In a typical arterial lumen with a laminar flow profile, larger 
erythrocytes tend to flow in the center of the lumen, while smaller platelets tend to 
move near the arterial wall. When platelets are activated, their shapes become 
irregular. Platelet activation is mainly mediated by thrombin and ADP. The open 
canalicular system becomes externalized, and granular contents are easily 
discharged. Cell deformations are caused by increases in intracellular calcium 
concentration. Platelet activation often follows localized injury of the endothelial 
layer, such as in atherosclerotic plaque rupture, trauma, or surgical or catheter 
interventions. In contrast to adult-onset coronary atherosclerosis, platelets are 
activated on a systemic scale rather than locally during acute Kawasaki disease, 
although the exact molecular crosstalk leading to such systemic activation has not 
been elucidated. The hypothesis that platelet activation is widespread in acute KD is 
supported by several lines of evidence. Burns et al. reported increased 
P-thromboglobulin, a chemokine released by a granules [4]. Using a particle 
counting method, Taki and colleagues demonstrated spontaneous platelet aggrega- 
tion in the blood of KD patients [9]. Using ELISA, Yahata et al. measured platelet- 
derived microparticles (diameter, 0.02-0.1 pm), a marker of platelet activation. 
They incorporate phospholipids on their surface and platelet granule components 
within and possess intrinsic procoagulant activity and the capacity for adhesion 
with heterogeneous cells. Strikingly, levels of platelet-derived microparticles 
rebounded in patients for whom aspirin therapy was discontinued 2-3 months 
after treatment initiation, raising some questions about duration of aspirin treatment 
[10]. The mechanism of platelet activation was studied using analytical cytology 
and cytometry with fluorescent staining. KD patients had markers indicating a high 
level of platelet aggregation, including heterotopic (platelet-leukocyte-erythrocyte) 
aggregation (Fig. 1), degranulation, externalization of phosphatidylserine, and 
decreased intracellular p-selectin [11], Another study showed that epinephrine- 
induced platelet aggregation rates remained accelerated long after acute KD 
[12], Activated platelets undergo adhesion to injured vascular tissues, through the 
actions of primary agonists: vWF and collagen. vWF is a particularly important 
platelet ligand in arteries exposed to high shear rates. In contrast, only under low 
shear-rate conditions in the vein, and possibly within the lumen of a giant coronary 
aneurysm, can fibrinogen and fibrin bind platelets. Aggregation of platelets is 
primarily caused by thromboxane A2 and ADP. Activation of integrin receptor G 
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Fig. 1 Two representative light photomicrographs showing plates obtained from peripheral blood 
samples of a healthy donor (HD - left panel) and a KD patient ( right panel) (To note: clusters of 
platelets with leukocytes ( asterisks ) and red blood cells (arrow) in a KD patient (right panel) 
Courtesy of Elsevier Inc, from Straface E, et al Biochem Biophys Research Communication 392: 
p. 428) 


Ilb/IIIa allows stronger binding of platelets to vWF, thus stabilizing anchoring of 
the thrombus. The G Ilb/IIIa receptor also has a central role in platelet aggregation, 
by signaling crosslinking of vWF and fibrinogen molecules to form a stronger union 
of platelets. 


Antiplatelet Drugs 
Aspirin 

We rely heavily on aspirin both for its anti-inflammatory effect during acute KD 
and for its antiplatelet effect. However, there is limited understanding of its optimal 
dose and duration and the prevalence and severity of aspirin resistance. 

Pharmacodynamics Aspirin irreversibly blocks cyclooxygenase (COX)-l, 
resulting in inhibition of thromboxane A2 (TXA2) release from platelets and 
prostaglandin (PG) h release from endothelial cells. The antiplatelet effect of 
aspirin lasts for the lifetime of the affected platelet (10-12 days). There is some 
evidence that the antiplatelet effect of aspirin is caused not only by its inhibition of 
TXA2 and that platelets under the influence of aspirin could still be activated under 
conditions of high shear stress, due to activation by thrombin, but that much higher 
doses of aspirin may suppress such platelet reactivity [13]. 
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Platelets in Neonates As compared with adult controls, platelets of neonates are 
hyporeactive to agonists such as thrombin, ADP, and thromboxane A 2 [14] 

Pharmacokinetics Once ingested, aspirin is easily converted to salicylic acid. Most 
salicylic acid is metabolized in the liver. The rest is eliminated by the kidneys, with 
an elimination half-life of about 2. 0-4. 5 h. Renal excretion of salicylic acid is 
facilitated by alkalinized urine pH. 

Current Uses in KD Use of aspirin for KD varies by country. In Japan it is 
generally agreed that the antiplatelet effect of aspirin, as opposed to its anti- 
inflammatory effect, is the main benefit. Thus, in Japan the usual dose is 
30-50 mg/kg per day for the duration of active KD. In patients who develop 
persistent coronary artery abnormalities, the same dose is continued. However, in 
the United States and Canada most practitioners believe in the value of a high anti- 
inflammatory dose (80-100 mg/kg per day divided into four equal doses every 6 h, 
until defervescence). The dose is then reduced to an antiplatelet dose of 3-5 mg/kg 
per day. This dose is continued for 6-8 weeks, until clinical symptoms and signs 
resolve and a sense of well-being has returned. In some cases, termination of aspirin 
is guided by the decline in acute reactants (mainly C-reactive protein). If the patient 
has persistent coronary artery dilatation or aneurysm, low-dose aspirin is continued 
much longer. The duration of aspirin therapy is a subject of controversy. 

Aspirin Resistance A number of studies have investigated aspirin resistance in 
adults. Most enrolled a relatively small number of patients (range, 39-325). The 
prevalence of aspirin resistance ranged from 8 to 56 %. Prevalence tended to be 
higher if platelet function was assessed by the Platelet Function Analyzer-100 
(PFA-100) as compared with light transmission aggregometry (35.8 ±15.1% 
vs. 15.9 ± 10.6%, respectively). Patients receiving higher aspirin doses are less 
likely to develop resistance than those on low doses. Even so, among patients on 
1500 mg/day, 8 % developed resistance. Some patients who were aspirin-sensitive 
at the beginning of follow-up later became resistant [15]. Few studies have inves- 
tigated aspirin resistance in children. In an unpublished study of 30 children with 
KD, the PFA-100 showed aspirin resistance in 9 of 28 (32%), and 
thromboelastography (TEG) showed resistance in 8 of 30 (26 %). However, there 
was poor concordance in the results of the two tests (personal communication). 

Drug-Drug Interaction According to a warning by the US Food and Drug Admin- 
istration, the antiplatelet effect of aspirin may be negated by ibuprofen 
(a nonselective COX inhibitor) taken 8 h or less before the aspirin dose. In addition, 
patients were advised against taking ibuprofen within 30 min of taking aspirin. 

Adverse Effects The major adverse effects of aspirin are gastrointestinal irritation 
(nausea, vomiting, indigestion) and bleeding tendency. Reye syndrome is now 
uncommon and appears more likely with large anti-inflammatory doses than with 
antiplatelet doses. 
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Recommendations 

For the purpose of offering recommendations, the author will refer only to 
antiplatelet aspirin therapy and not to anti-inflammatory therapy. The current 
antiplatelet regimen for KD patients, whether 30 mg/kg per day in Japan or 
3-5 mg/kg per day in the United States, is empirical rather than evidence-based. 
However, it seems safe and effective in all but a few patients, who might have 
increased thrombotic risks due to the presence of unequivocal coronary artery 
lesions. 

1. In KD patients with normal coronary arteries or mild ectasia in the proximal 
RCA, LMCA, or proximal LAD (Z-score <2. 5), it is reasonable to continue the 
antiplatelet aspirin regimen for that country. (Class Ha, B) 

2. Antiplatelet aspirin therapy should be continued for at least 8 weeks or until 
transient coronary dilatation has regressed to normal dimensions. (Class Ha, B) 

3. In patients with unequivocal coronary artery lesions and greater than minimal 
risk of thrombosis, aspirin may be initiated at a conventional dosage. Within 
6 months of starting the therapy the patient should undergo a platelet function 
study including but not limited to PFA-100. If the results show suboptimal flow- 
mediated platelet aggregation against a collagen/epinephrine agonist, a coagu- 
lation specialist should be consulted regarding aspirin dose adjustment or addi- 
tion of another antiplatelet drug and future follow-up. (Class Ha, C) 


Thienopyridine ADP Receptor Blockers (Ticlopidine 
and Clopidogrel) 

Pharmacodynamics Ticlopidine and clopidogrel selectively inhibit platelet aggre- 
gation by irreversibly blocking ADP-receptor P2Y 12 on platelets. Clopidogrel has 
not been evaluated in a rigorous randomized clinical trial but has been investigated 
in the PICOLO study and a dosage-escalation study (for pharmacokinetics and 
pharmacodynamics) using ADP-induced light-transmission aggregometry concur- 
rently with adult control samples. The authors concluded that a dose of 0.2 mg/kg 
per day on average would produce 30-50 % platelet aggregation (which occurred in 
adults receiving 75 mg/day), but the drug effect was highly variable, possibly 
because of the high variability of CYP3A4 enzyme among individuals, especially 
in young infants [16]. 

Pharmacokinetics Ticlopidine is the shorter acting of the two and must be admin- 
istered twice daily; clopidogrel can be administered once daily at the dose 
suggested above. 

Current Uses in KD Despite the dosing challenges caused by the fact that 
clopidogrel is dispensed only as a 75-mg tablet, its use in tertiary care pediatric 
hospitals in the US has increased 15-fold during the 10-year period between 2000 


www.ketabpezeshki.com 


66485457-66963820 


362 


M. Takahashi 


and 2009, from 6 to 89.5 per 100,000 admissions according to an analysis of the 
Pediatric Health Information Database by Gentilomo et al. However, most of these 
patients had congenital heart disease, and about 10 % had KD [17]. Because of the 
absence of data suggesting otherwise, the recommended starting dose for children is 

0. 2. mg/kg per day. 

Adverse Effects To date, all public reports of adverse effects involve adult patients. 
Bleeding is the most frequently reported adverse effect. According to data collected 
by Gentilomo et al. bleeding occurred in 14.6 % of total clopidogrel admissions. 
Bleeding events were most frequently associated with procedures (35 %), followed 
by gastrointestinal (21 %), intracranial (16%), and mucocutaneous (14%) compli- 
cations [15]. Ticlopidine has been associated with aplastic anemia and neutropenia. 
Both agents have been associated with thrombotic thrombocytopenic purpura, 
which is a rare but serious, potentially life-threatening, complication [18], 

Recommendations 

1. Ticlopidine may be considered as an antiplatelet drug for KD, and patients 
should be monitored for possible drug toxicity. (Class lib, B) 

2. Clopidogrel can be selected as an alternative or supplementary antiplatelet drug 
for moderately high-risk KD patients, after the patient and family are informed 
of its limited dosing flexibility, individual variability in dose effect, and the 
possibility of thrombotic thrombocytopenic purpura. The patient should be 
monitored for bleeding, thrombocytopenia, hemolytic anemia, and decreased 
renal function. (Class Ha, B) 


Dipyridamole 

Pharmacodynamics Dipyridamole is a phosphodiesterase inhibitor and thus 
increases the level of adenyl cyclase. However, its antiplatelet effect is weak and 
short-lived. Dipyridamole has a more profound vasodilatory effect, especially in 
coronary arteries, and is frequently used as a pharmacological stress agent in 
myocardial perfusion imaging. 

Current Uses in KD Dipyridamole was used in place of or in combination with 
aspirin before the availability of thienopyridines. Currently, it is not considered a 
first- or second-line antiplatelet drug. 

Adverse Effects Dizziness, headache, chest pain (angina pectoris), nausea. 
Recommendations 

1 . The antiplatelet effect of dipyridamole is relatively weak and its safety profile is 
unfavorable for young children. Therefore, it is not recommended as an 
antiplatelet drug for children. (Class III, C) 
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Abciximab ( Glycoprotein lib! Ilia Inhibitor) 

Pharmacodynamics Abciximab is the first commercially produced human-murine 
chimeric monoclonal antibody. Its Fab segments bind to glycoprotein Ilb/IIIa 
receptors on human platelets, which are considered the final common pathway for 
platelet aggregation. It inhibits platelet aggregation by preventing binding of 
fibrinogen and vWF to platelets. It has other inhibitory effects on receptors on 
smooth muscle cells and macrophages. The product was marketed primarily as an 
adjunct to coronary angioplasty in patients who are at high risk of sudden closure of 
revascularized coronary arteries. 

Current Uses in KD Abciximab was initially used in KD patients with large 
coronary artery aneurysms with thrombosis. Williams et al. later reported that a 
reduction in aneurysm size was more likely among patients with acute KD who 
received abciximab in addition to IVIG and aspirin (13 of 19 patients) than among 
those who received standard treatment only (7 of 19 patients) during a follow-up 
period of 4-6 months. 

Adverse Effects Bleeding is the foremost concern. Abciximab should not be given 
to patients with bleeding tendency or those still under the effects of other anti- 
coagulants). 

Recommendations 

1. This drug may be considered in patients who are at high risk of coronary 
thrombosis. (Class Ha, B) 

2. Its efficacy in promoting coronary artery aneurysm regression needs to be 
verified. 


Anticoagulant Drugs 
Warfarin 

Pharmacodynamics Warfarin, the most widely used vitamin K antagonist (VKA), 
inhibits synthesis of vitamin K-dependent coagulation factors II, VII, IX, and X, as 
well as anticoagulant factors C and S. Some of these factors are naturally reduced in 
newborns to levels that are frequently achieved in adults receiving therapeutic 
amounts of warfarin with a target international normalized ratio (INR) of 2-3. 

Dietary and Drug Interactions The effect of warfarin is blunted by foods such as 
dark-green vegetables (eg, broccoli and spinach), soy products, and infant formulas 
rich in vitamin K and by interactions with diet and other drugs. Warfarin consists of 
two optically active isomers. The S-enantiomer is five times as active as the 


www.ketabpezeshki.com 


66485457-66963820 


364 


M. Takahashi 


R-enantiomer. Many food and drug interactions with warfarin have been reported, 
although relatively few are based on scientifically verified mechanisms. Some but 
not all drug interactions involve stereo-selective clearance. There are many reports 
of drug interactions citing COX-2-selective nonsteroidal anti-inflammatory drugs, 
antibiotics (particularly the macrolides azithromycin, erythromycin, and 
clarithromycin), azoles (fluconazole and miconazole), amoxicillin, and quinolones 
(ciprofloxacin and levofloxacin). For more detailed infonnation, readers are advised 
to consult the review by Holbrook et al., which analyzed data from 184 reports [19] 
Among the reports reviewed, 70% described potentiation of warfarin, 15% inhi- 
bition, and 15 % no effect. Of interest are the “no effect” drugs, including 
clopidogrel, losartan, and vitamin E. 

Pharmacokinetics and Dose Monitoring Onset of action occurs in 24 h, whether 
the drug is given orally or intravenously. The effect peaks in 4 h if given orally, 
faster when given intravenously. Drug half-life is 20-60 h. The anticoagulant effect 
is monitored by prothrombin time converted to INR, using the formula: 

^ PT measured ISI 
PT control 

ISI = international sensitivity index, an estimate of the sensitivity of thromboplas- 
tin; the higher the ISI, the less sensitive the agent 

Dose Adjustment A practical guide to warfarin dosing in children was published by 
Andrew et al. [20]. An initial dose of 0.2 mg/kg was followed by subsequent dose 
adjustments, according to a nomogram using INR values. Children vary greatly in 
the dosage required to maintain a therapeutic INR range. The largest cohort study 
(319 patients), by Streif et al., found that to maintain a target INR of 2-3, infants 
required 0.33 mg/kg warfarin, and teenagers required 0.09 mg/kg. 

Home INR Monitoring Recently, home monitoring of INR by finger stick blood 
sampling has become available. Among adults, those who utilized home INR 
monitoring as compared with high-quality laboratory testing had moderately higher 
costs but better quality of life. The incidences of bleeding and thrombotic compli- 
cations were not higher than those of patients who received laboratory INR 
measurements. No data are available on home monitoring for pediatric patients. 

Adverse Effects Bleeding is the main complication. The incidence of bleeding is 
estimated to be 0.5 per patient-year. Among young active children, the INR value is 
not necessarily related to bleeding risk. 

Vitamin K may be given to patients with a high INR and no significant bleeding. 
In patients with clinically significant bleeding, immediate reversal using fresh- 
frozen plasma or other procoagulant factors may be required, at the discretion of 
a hematologist. In pregnant women, warfarin has a teratogenic effect on about 5 % 
of fetuses. The risk is highest during the first trimester. One should test for 
pregnancy before starting warfarin in women of childbearing age. If a patient 
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who is already on warfarin becomes pregnant, the drug should be discontinued and 
an alternate drug should be started. When appropriate, a physician familiar with 
management of anticoagulation during pregnancy should be consulted. 

Current Uses in KD Although aspirin treatment appears to protect KD patients 
from coronary thrombosis, those with giant coronary artery aneurysms are parti- 
cularly vulnerable to coronary thrombosis because of their severe endothelial dys- 
function combined with an abnormal flow profile in diseased coronary arteries. In 
the present author’s two decades of experience, those patients with giant coronary 
artery aneurysms who received warfarin (target INR 2. 0-2. 5) in combination with 
aspirin had more stable long-term outcomes, with fewer cardiovascular events such 
as acute myocardial infarction and occlusive coronary artery thrombosis, as com- 
pared with those who received aspirin only. It should be remembered, however, that 
despite the best efforts of providers to ensure compliance of the family and patient, 
giant aneurysms will develop stenoses, thromboses, and calcifications and may 
require revascularizing procedures during the patient’s lifetime (Fig. 2). Suda and 
colleagues, in Japan, reported their experience with 83 patients who were treated 
with warfarin (target INR, 1.5 to >2.5) and aspirin [21], 

The median follow-up period was 6.0 years. Survival without cardiac events was 
92.5% at 1 year and 91% at 10 years. Eight patients developed myocardial 
infarction, two died, and three required emergency intracoronary thrombolytic 
therapy. Levy et al., in Toronto, followed 39 patients with giant aneurysm (2.2% 
of their total KD patients), from 1990 to 2000 [22]. The patients were allocated to 
two groups: one group received warfarin and an antiplatelet drug and the other 
received an antiplatelet drug only. Of the tests done in the warfarin group, 52 % 
were within the target INR range of 2.0-3. 0. Three patients developed acute 
nonfatal myocardial infarction within the first year after onset, all of whom had 
received warfarin. The authors were cautious about the value of warfarin given in 
combination with an antiplatelet drug. The pathophysiology of giant coronary 
aneurysms combines markedly activated platelets, dysfunctional endothelium, 
and severely disturbed rheology, which results in an acutely procoagulant state. 
In this setting, combining antiplatelet therapy with a therapy to mitigate thrombin 
production makes a great deal of sense. Unfortunately, the present supporting data 
are retrospective and not from a randomized clinical trial. 

Recommendations 

1 . In KD patients with giant coronary aneurysm or rapidly enlarging aneurysm, it is 
reasonable to start combined warfarin and antiplatelet therapy. (Class Ha B) 

2. Healthcare centers that administer warfarin to patients must have a proper 
laboratory for checking prothrombin/INR with approved quality control and 
staff who can educate families about possible complications, dose changes, 
diet modifications, and dose adjustments for concomitant medications and 
management of unforeseen bleeding. (Class I B) 
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Fig. 2 (a) Selective left coronary arteriogram at age 2 years. The patient was treated continuously 
with warfarin and aspirin since diagnosis of giant aneurysm. Note the smooth contour of the 
aneurysm in the left anterior descending artery and the absence of a filling defect, (b) CT 
angiogram of the left coronary artery at age 22 years showing a heavily calcified secular aneurysm 
with a nonocclusive thrombus occupying about 40 % of the lumen, (c) CT angiogram of the left 
coronary artery at age 24 years, including 3D reconstruction {left panel) and multiplanar 
reformatting to demonstrate patency of the LAD channel (Note that the amount of thrombus has 
increased since the previous angiogram. This patient was highly compliant with his medications 
and his INR had remained within the target range >90 % of the time for 24 years) 


Unfractionated Heparin 


Unfractionated heparin (UFH) is widely used as a first-line anticoagulant because of 
its immediate onset of action in acutely ill patients with venous access. A 1996 
meta-analysis showed that a heparin/aspirin combination was superior to aspirin 
alone in reducing the risk of ischemic events in adults with unstable angina [23], 
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Pharmacodynamics Heparin inhibits thrombin and factor Xa by binding to anti- 
thrombin through a high-affinity pentasaccharide. Because of its longer molecular 
chain, UFH can bind thrombin more tightly than the shorter low-molecular-weight 
heparin (LMWH). 

Pharmacokinetics UFH has several unfavorable properties, including a short half- 
life (2 — 4 h), unpredictable pharmacokinetics, and a narrow therapeutic range. 

Current Uses in KD UFH is often begun in an inpatient setting as a short-term 
lead-in to long-term oral anticoagulation with warfarin. It can effectively prevent or 
even reverse thrombosis while warfarin is being up-titrated, using the INR as a 
guide. A dose of 75-100 units/kg brings 90 % of children to a therapeutic activated 
partial thromboplastin time (aPTT) value (1.5-2 times the control value). The 
maintenance dose is age-dependent. Infants >2 months on average require 
28 U/kg/h, while children >1 year require 20 U/kg/h [24], 

Adverse Effects In the event of an excessively high aPTT value or bleeding, 
heparin may have to be reversed with protamine. The protamine dose depends on 
the last heparin dose and the interval since the previous heparin dose. In general, 
1 mg protamine/ 100 U heparin is given if it has been <30 min. The dose is scaled 
down inversely with greater passage of time [24]. 

Heparin-induced thrombocytopenia (HIT) occurs in about 3 % of adults treated 
with unfractionated heparin, which is frequently associated with venous or arterial 
thrombosis. This phenomenon is attributed to platelet activation by heparin- 
dependent IgG antibodies. HIT incidence in children is less well documented. 
One study reported an incidence after cardiopulmonary bypass of 0.33 % (95 % 
confidence interval, <0.01-2.04). 

Recommendations 

1. To achieve maximum safety and efficacy, UFH should be given intravenously 
under supervision, with close clinical and laboratory monitoring and a well- 
defined aPTT target. (Class I, A) 


LMWH 

Because of the above-mentioned disadvantages of UFH, LMWH was developed 
using chemical and enzymatic depolymerization of UFH. LMWH is an oligosac- 
charide containing about 18 residues. There are several types of LMWH, but 
enoxaparin is the most widely used type in the United States. 
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Pharmacokinetics LMWH has a plasma half-life two to four times that of UFH and 
therefore has more predictable therapeutic effects and requires intermittent rather 
than continuous administration and less frequent factor Xa monitoring. In general, 
the peak anti-FXa level is 2-6 h after subcutaneous injection. 

Pharmacodynamics As is the case with UFH, LMWH inhibits thrombin and 
factor Xa by binding to antithrombin . It has less interaction with 
endothelial cells and platelets . A randomized comparison trial showed 
that the risk of HIT was much lower for LMWH than for UFH [25] . 

Current Uses in KD Manlhiot et al. compared the anticoagulant effects of LMWH 
and warfarin in 38 KD patients with coronary artery aneurysms. In an early phase of 
the study, patients were stratified by age: older patients received warfarin and 
younger patients were given LMWH. Later in the study, all participants were 
started on LMWH and then warfarin 12-18 months later. The investigators noted 
that patients on LMWH more rapidly achieved the predelined optimal 
anticoagulation level (factor Xa level of 0. 5-1.0 U/mL) and more predictably 
remained in range with fewer dose changes, as compared with the warfarin group 
[26]. Infants younger than 3 months or with a body weight <5 kg tend to have a 
higher requirement per kilogram. The recommended initial treatment dose is 
1.5 mg/kg for infants weighing <2.5 kg and 1.0 mg/kg for infants and children 
weighing >2.5 kg. The prophylactic dose is 50 % of the treatment dose [24]. 

Adverse Effects HIT among patients who received LMWH is about one tenth that 
of UFH-treated patients. Estimated incidence is <0.5 %. 

Recommendations 

1. It is reasonable to use LMWH in lieu of oral VKA in combination with an 
antiplatelet agent in patients at high risk of coronary thrombosis for whom 
anticoagulation is difficult to manage due to age or location of residence 
(Class Ha, B) 


Thrombolytic Therapy 

Historical Background Kato et al. investigated intracoronary urokinase in 15 chil- 
dren with thrombotic occlusion of coronary arteries due to KD [27]. They achieved 
either partial or complete recanalization but noted recurrent thrombosis in four of 
15 patients but no recurrent myocardial infarction or death in up to 8 years of 
follow-up. 
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Pharmacodynamics Thrombolytic agents mediate conversion of endogenous plas- 
minogen into plasmin. Plasminogen level in KD is reduced to about 50 % of the 
adult level. Some workers add extrinsic plasminogen, abciximab, or fresh-frozen 
plasma to thrombolytic agent to boost its effect. Regarding the selection of agents, 
tissue-type plasmin activator (tPA) has become the agent of choice, and is preferred 
over streptokinase and urokinase in pediatric patients because of a US Food and 
Drug Administration warning and the fact that in vitro comparisons of the three 
agents showed improved clot lysis by tPA. However, there are no comparative 
studies of the clinical efficacy and safety of the three agents. The frequently quoted 
general thrombolytic regimen of tPA is 0.5 mg/kg/h for 6 h concurrent with heparin 
infusion at 10 U/kg/h. In most cases, a minimum of partial thrombus clearing is 
attained in 20-65 % of patients [24]. 

Current Uses in KD Because of the rarity of acute coronary thrombosis, studies of 
thrombolysis have been case series with small numbers of KD cases, with one 
notable exception. Harada et al. reported the results of a national Japanese survey of 
thrombolytic therapy encompassing 23 patients in 14 centers. In a comparison of 
intracoronary (ICT) and intravenous (IVCT) administration routes, ICT was effec- 
tive for relatively small clots (<10 mm), while IVCT was effective even for giant 
thrombi (>10 mm). An increasing number of adults with a definite or probable 
history of KD unexpectedly develop ischemic symptoms. The youngest KD patient 
to undergo thrombolysis in this series was 27 days of age [28], 

Adverse Effects Bleeding is the most serious complication and appears to be dose- 
related. Thus, it is prudent to start with relatively low doses. Irritation of the local 
site of infusion is another concern. 

Recommendations 

1. Intravenous thrombolytic therapy is indicated when there is clear evidence of 
thrombus within a major coronary artery. (Class I, B) 


Future Directions in Antiplatelet and Anticoagulant 
Therapies for KD 

Initiative Toward Evidence-Based Uses of Antiplatelet Agents 

Currently, aspirin dosage varies by country and practitioner, as does duration of 
therapy. Some evidence shows that platelet activation persists for 1 year or longer 
after acute onset. The frequency of aspirin resistance, the best method for detecting it, 
its dose-relatedness, and its natural progression are unclear. These issues demand 
evidence-based solutions. ADP-receptor antagonists, especially clopidogrel, singly or 
in combination with aspirin, are promising but need stronger evidential support. 
Commercially available pediatric clopidogrel formulations are needed. International 
multicenter randomized clinical trials are required in order to settle these issues. 
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Randomized Clinical Trials of New Oral Direct Anticoagulants 

Although warfarin remains the primary oral anticoagulant, it has several important 
drawbacks. Newer, direct thrombin or FXa inhibitors are now becoming accepted 
by adult cardiologists for deep vein thrombosis and non-valve-related atrial fibril- 
lation. Clinical research on the efficacy and safety of this class of drugs in children 
is at a nascent stage. A meta-analysis comparing these agents with VKA in adults 
showed noninferiority to warfarin in efficacy and slight superiority in safety (i.e, 
decreased bleeding risk) [29]. It is generally believed that optimal control of INR 
and avoidance of bleeding complications are more difficult in infants and children 
than in adults. It is hoped that pediatric application of these newer agents will soon 
be explored in a multicenter RCT comparing them with warfarin or LWMH. 
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/. Background 

Catheter intervention in coronary artery lesions is generally performed in adult 
patients with ischemic heart diseases and has provided satisfactory therapeutic 
results. The coronary artery stenotic lesions in Kawasaki disease commonly 
involves severe calcification. These findings are different from adult coronary 
artery lesions mainly consisting of atherosclerosis. Therefore, indication of catheter 
intervention for adult patients can not be directly employed in Kawasaki disease 
patients and, in some cases, could be risky. There are serious issues how to prevent 
the ischemic heart diseases or how to treat myocardial infarction due to Kawasaki 
disease, but there is insufficiently established therapeutic procedures including 
thrombolysis, catheter intervention, and bypass surgery. In particular, catheter 
intervention in Kawasaki disease has not been introduced long, and long-term 
prognosis is mostly unclear. This guideline is an update summary of the group 
members’ opinions on how to effectively and appropriately perform catheter 
intervention in coronary artery lesion in Kawasaki disease on the basis of the 
information regarding evaluation of the diagnosis and the therapy reported in 
Japan and overseas. Therefore, therapeutic strategy is not conventionally decided 
according to only this guideline but should be arranged by sufficient consideration 
about appropriate therapies in each patient. It is thought that this guideline should 
be revised following future progression. 
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II. Natural history of coronary artery lesion in Kawasaki 
disease 

The long-term consequences and the natural history of the cardiovascular sequelae 
in Kawasaki disease remain uncertain. In the previous report by Kato et al., the 
natural history of coronary artery lesions was examined in a follow-up study 
conducted during 10 to 21 years (mean: 13.6 years) in 594 patients with Kawasaki 
disease. In all the patients, coronary artery lesions were evaluated by coronary 
angiography just after the acute stage, within 3 months from the onset of Kawasaki 
disease. One hundred and forty-six patients (24.6%) of the 594 patients were 
diagnosed as having coronary aneurysms. The second angiogram was performed 
in 1 to 2 years later in all 146 patients who previously had coronary aneurysm, 
which demonstrated that 72 (49.3%) of these 146 had regression in the coronary 
aneurysm. A third angiogram was performed for 62 patients, a fourth for 29, and a 
fifth for 17. By 10 to 21 years after the onset of the illness, stenosis in the coronary 
aneurysm had developed in 28 patients (4.7%). Myocardial infarction occurred in 
11 patients(1.9%), 5 of whom died. In the 26 patients with giant coronary aneu- 
rysms, stenotic lesion developed in 12, and no regression occurred. Systemic artery 
aneurysms developed in 13 patients (2.2%), and valvular heart disease appeared in 
7 (1.2%). Ninety percent of cases with coronary aneurysm regression were 
observed within 2 years after the onset. The ratio of cases observed stenotic lesions 
within 2 years after the onset was 50 %, thereafter gradually increased, and in the 
longest case, stenotic lesions was observed after 17 years after the onset. In 
pathological findings, stenotic lesions are mainly composed of afferent intima 
hyperplasia within 2 years after the onset. Lesions of calcification are observed 
from approximately 5 years after the onset and are noticeable at 10 years after the 
onset. 


III. Catheter intervention for patients with Kawasaki disease 

1) Indication of catheter intervention 

a. Consideration of indication in patient’s conditions 

1 . Patients presenting ischemic symptoms. 

2. Patients presenting no ischemic symptom but having ischemic findings detected 
by several stress tests, i.e. dipyridamole stress myocardial scintigraphy, and 
dobutamine stress echocardiography. 

3. Patients having no ischemic finding detected by any stress tests but 75% or more 
of stenotic lesions in the left anterior descending coronary artery possibly 
causing a sudden death by its obstruction. In these cases, selection of catheter 
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intervention can be considered. It is decided in each patient which is selected 
surgical therapy, catheter intervention, or observation of the course. 

4. Patients having severe left ventricular dysfunction. In these cases, catheter 
intervention should not be selected, but bypass surgery would be applied. 


b. Consideration of indication in lesion sites 

1. Severe stenotic lesions (75% or more) 

2. Localized lesions: Contraindication for cases with multiple vessel lesions. 

3. No ostial lesion. 

4. No long segmental lesion. 


2) Types of procedures, and their indications and precautions 

(1) Percutaneous transluminal coronary revascularization (PTCR) 

Acute myocardial infarction is most frequently occured within 2 years of the onset 
of Kawasaki disease and is mainly caused by fresh thrombus. The PTCR and 
intravenous thrombolysis in this time are thought to be significant in prevention 
and therapy of myocardial infarction. In particular, frequent and careful observation 
with echocardiography is required in such a case as giant coronary aneurysms 
having high risk of thrombus formation. In PTCR, 10,000 U/kg of urokinase or 
25,000 U/kg of tissue plasminogen activator (t-PA, tisokinase; Hapase Kowa ®) is 
administered. Injection of these thrombolytic agents direct into coronary artery and 
intravenous thrombolysis occasionally causes cerebral hemorrhage. Repeated doses 
of the thrombolytic agents should be carefully performed in pediatric patients 
having predisposing factors for hemorrhage. After PTCR, 500 U/kg/day of heparin 
is intravenously infused for 12 hours, thereafter, a small oral dose of aspirin or 
warfarin is administered in order to prevent thrombus formation. Because t-PA is 
allowed to be intravenously injected, we recommend that hospital where cardiac 
catheterization can not be performed, to intravenously treatment with 250,000 U/kg 
of t-PA in acute myocardial infarction in pediatric patients with Kawasaki disease, 
thereafter to immediately transport to the hospital where cardiac catheterization can 
be performe. However, it is required to take sufficient measures against cerebral 
hemorrhage and arrhythmia possibly caused by the systemic administration. Most 
of myocardial infarction occured within 2 years of the onset of Kawasaki disease is 
caused by obstruction with fresh thrombus in coronary aneurysms. PTCR or 
intravenous thrombolysis in acute myocardial infarction is effective only within 
6 hours of the onset. PTCR or intravenous thrombolysis may be indicated for fresh 
thrombus in giant coronary aneurysms detected by serial echocardiography. A 
success rate for recanalization using thrombolytic agents would be low in such a 
case of asymptomatic myocardial infarction as chronic obstruction with thrombus. 
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(2) Percutaneous transluminal coronary balloon angioplasty (PTCA) 

Pathological changes in Kawasaki disease are mainly the afferent intima hyperpla- 
sia in early stage. The lesions of calcification are observed from approximately 
5 years of the onset. PTCA is useful only stenotic lesion with mild calcification or 
without calcification within 6 years of the onset. Appearance of new coronary 
aneurysms, however, is observed by the follow-up angiography at higher rate 
(16.6%) after PTCA in the patients with Kawasaki disease than adult patients 
with atherosclerosis. The appearance of the new aneurysms is considered to be 
depended upon high pressure of balloon (>10 atm). Balloon pressure is 
recommended to be less than 8-10 atm in PTCA. For a case, in which more balloon 
pressure (>10 atm) is needed, rotational ablation or bypass surgery is advisable as 
an alternative procedure. Additionally, when PTCA is defensively performed in 
young children, short balloon length should be selected. 


(3) Stent implantation 

Stent implantation is useful for old children (>13 years) in whom calcification is 
mild and stent can be implanted in coronary artery. The stent implantation is also 
effective in patients, in whom blood flow is unbalanced by giant aneurysms, 
because blood vessel diameter can be extended as large as the stent diameter 
compared to other procedures. The incidence of new aneurysms is lower in the 
stent implantation than PTCA only, even if high-balloon pressure was applied. 
Balloon pressure, however, is recommended to be 14 atm or less. Because higher 
pressure than 14 atm may cause severe calcification, rotational ablation is alterna- 
tively indicated for a case in which the higher pressure is needed. The stent 
implantation is ineffective on a case having severe calcification (>75% of total 
circumference). Heparin is infused at 800 to 1,000 U/lir. Activated clotting time is 
maintained at 200 seconds or more. Thrombolytic therapy with aspirin and 
ticlopidine is carried out for 2 months from a day of post procedure. Attention 
should be paid for the occurrence of granulocytopenia during ticlopidine treatment. 


(4) Rotational ablation (Rotablator) 

Rotablator consists of an abrasive tiny diamond coated burr, remove the lesion with 
rotation at 200,000 rpm, and allows the lumen dilated. Rotational ablation is also 
effective on a case having severe calcification. Requiring 6F guiding catheter even 
minimum, the rotablation is difficult to be performed in small children. Enlarge- 
ment is possible by 2.5 mm. Combination of the rotational ablation and stent 
implantation allows the coronary aeterial diameter to further enlarge. As the stent 
implantation, heparin is infused at 800 to 1,000 U/hr. Activated clotting time is 
maintained at 200 seconds or more. Aspirin should be administered for 2 months 
from a day of post-procedure. 
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(5) Intravascular ultrasound imaging 

Histopathological findings of stenotic lesions in Kawasaki disease change with the 
number of years after the onset. In particular, in a long-term case (>6 years), 
calcification is observed. It is important that the severity and the extent of calcifi- 
cation are exactly assessed before catheter intervention, and suitable therapeutic 
procedures are selected. Intravascular ultrasound imaging allows of detailed struc- 
tural observation of a coronary artery wall. In particular, the extent of calcification 
can be precisely evaluated. The intravascular ultrasound imaging is desirable to 
perform after consideration of body size of patients and coronary angiographic 
finding. 


3) Institute and backup system 

Catheter intervention for coronary artery lesion in Kawasaki disease is allowed by 
assistance of cardiac surgeons as well as cooperation of adult cardiologists experi- 
enced in catheter intervention and pediatric cardiologists skilled in natural history 
and pathology of cardiac consequence in Kawasaki disease. The treatment, there- 
fore, is desirable to be carried out in such an institute as a general cardiovascular 
center where there are adult cardiologist skilled in the catheter intervention, pedi- 
atric cardiologist, and cardiac surgeon experienced in coronary bypass surgery. 


IV. The management of post-procedure and evaluation, 
and follow-up 

As follow-up, selective coronary angiography is performed in 4 to 6 months after all 
catheter intervention. Restenosis is defined as developing 50% or more of stenosis 
assessed by quantitative coronary angiography. The rate of restenosis in follow-up 
period in Kawasaki disease is unclear at that time, however, is thought to be lower 
than that in adults on the basis of updated information. Thereafter, the follow-up 
was continued by non-invasive method, i.e. chest x ray, electrocardiogram, echo- 
cardiography, myocardial scintigraphy. 


V. Prospects: especially relation to bypass surgery 

A decrease in mortality associated with acute myocardial infarction is expected 
following progression of catheter intervention in coronary artery lesion after Kawa- 
saki disease. However, long-term follow-up study of the procedure is required, 
because it is quite new. Bypass surgery is indicated in small pediatric patients, in 
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whom catheter intervention is impossible, cases with multiple vessel lesions, cases 
with severe valvular disease, and cases with severe left ventricular dysfunction. 
However, occurrence of bypass occlusion and string phenomena by competition of 
blood flow are known in cases comparatively maintaining native flow despite of 
severe stenosis. For these cases, catheter intervention is indicated. In current status, 
many institute have little experience of catheter intervention in coronary artery 
lesion in Kawasaki disease. Additionally, the treatment is allowed by assistance of 
cardiac surgeons as well as cooperation of pediatric cardiologists skilled in natural 
history and pathology of cardiac consequence in Kawasaki disease and adult 
cardiologists experienced in catheter intervention. Therefore, it is essential for 
performance of catheter intervention and bypass surgery to scrupulously discuss 
about validity and indication in each pediatric patient on a joint conference of 
pediatric cardiologists, adult cardiologist specialized in the catheterization, and 
cardiac surgeons. Furthermore, in future, combination of catheter intervention 
with either bypass surgery being minimam invasive or without cardiopulmonary 
bypass provides a low invasive treatment and probably improves “quality of life” in 
patients with Kawasaki disease. 

This guideline is summary of the group members’ current opinions on how to 
effectively and appropriately perform catheter interventional treatment in coronary 
artery lesion in Kawasaki disease on the basis of the information regarding evalu- 
ation of the diagnosis and the therapy reported in Japan and overseas. It also 
includes a tentative standard such a dosage of drugs. Consequently, the therapeutic 
strategy is not conventionally decided according to only this guideline but should be 
done by sufficient consideration of appropriate treatment in each patient referring to 
this guideline. 
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Long-Term Clinical Follow-Up After 
Rotational Atherectomy for Coronary 
Arterial Stenosis in Kawasaki Disease 


Hiroyoshi Yokoi 


Abstract During acute KD, the coronary artery lesions most frequently observed 
in pediatric Kawasaki disease (KD) patients are giant arterial aneurysms. Severely 
stenotic calcified lesions appear near the aneurysms when patients reach school age. 
Traditional balloon catheter treatment of stenotic lesions is hampered by the 
presence of calcification, which makes balloon expansion difficult. In addition, 
long-term patency is a problem for bypass surgery. Hence, standard treatment has 
been medical therapy with restrictions on physical activity. Rotablation has made it 
possible to safely perform catheterization of lesions in pediatric KD patients for 
which balloon catheter treatment is not indicated. The effects are maintained over 
the long term and provide benefits as the child grows and develops. 

Keywords Kawasaki disease • Coronary artery disease • PCI • Rotablator • 
Coronary aneurysm 


Clinical Outcomes for Rotablation for Kawasaki Disease 
Coronary Artery Lesions 

We used rotablation to treat 33 lesions from 26 patients between May 1993 and 
December 2002. 


Patients, Lesions, and Information on the Procedures 


Patient age ranged from 8 to 28 years, and the average age was young, 15 years. 
Kawasaki disease (KD) was generally diagnosed between age 0 and 8 years, and 
average age at diagnosis was 2 years. Males represented 77 % of patients; 31 % of 
patients had multivessel disease, 8 % had a previous myocardial infarction (MI), 
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and all patients were either asymptomatic or had only mild stable-effort angina. 
Lesion morphology was highly complex: 100 % had calcified lesions, 85 % had 
coronary aneurysms, 22 % had ostial lesions, and 100 % had lesions that were not 
balloon-expandable. The target vessel was the LAD in 58 %, RCA in 36 %, and 
LCX in 6%. Average lesion length was 4.7 mm (vessel diameter, 3.82 mm). In 
other words, there were many focal lesions in large-diameter vessels and very few 
diffuse lesions, which made these patients suitable for rotablation. The average 
minimum vessel diameter was 1.26 mm, and average stenosis was 66%. The 
number of burrs used per lesion was 1.5, and the final burr-to-artery ratio was 
0.61. Because these patients had large-diameter vessels, the burrs used were larger 
than those used for adult patients. The final average burr size was 2.23 mm, and the 
largest burr size, 2.5 mm, was used for 37 % of the lesions. All patients underwent 
additional post-rotablation balloon dilatation, which was performed at a relatively 
low average of 9.5 ATM, although some patients required dilatation at high 
pressure, 20 ATM. Stents were implanted in only 9 % of patients, for whom 
coronary artery dissection led to decreased blood flow. 


Acute Outcomes 

The lesion dilatation technical success rate and clinical success rate were both 
100%. The procedures were conducted quite safely, and there were no primary 
complications, including death, emergency bypass, Q-wave MI, or acute coronary 
occlusion. The incidence rate of post-dilatation balloon rupture was 8 %, and 
complete expansion by balloon was possible in only 35 % of cases. Minimum 
vessel diameter increased from a pre-procedural 1.26 mm to a post-procedural 
2.57 mm, and restenosis decreased from 66 to 33 %. There were no cases of 
coronary perforation, no-reflow, or spasm, which are complications particular to 
rotablation. There was one case in which the burr became trapped in the lesion but 
was subsequently removed. The diamond particles on the Rotablator are only 
attached to the front end of the burr, so if the burr passes the lesion without 
sufficient cutting, it sometimes get trapped in heavily calcified stenotic areas. To 
avoid this, it is important to cut in several steps, starting with a small burr, and to 
avoid using excessive pressure when advancing the burr. In contrast to treatment of 
atherosclerotic lesions in adults, we found that rotablation could be performed quite 
safely for these young patients, most likely because KD coronary artery lesions 
were focal, vessel diameters were large, and tortuous lesions were uncommon. We 
also found that, because high-pressure balloon post-dilatation could lead to balloon 
rupture, it is advisable to avoid excessively high pressures and to increase burr size 
as necessary. In children younger than 10 years, 6-Fr is the largest sheath that can be 
used, so only burrs smaller than 2 mm may be used. In some cases we waited 
5 years for a child to grow enough to permit use of a 10-Fr sheath and 2.5-mm burr, 
for re-treatment. 
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Late Restenosis 

Follow-up angiography was performed for 33 lesions (100%) 3-6 months post- 
procedure. Minimum vessel diameter was 1.25 mm pre-procedure, 2.57 mm post- 
procedure, and 2.32 mm in the late phase. Late restenosis (>50 %) was noted in 
9 (27 %) lesions. Restenosis occurred in 17 % of cases for which the final burr size 
was 2.5 mm and 33 % of cases for which the burr was less than 2.5 mm. Although 
the difference was not statistically significant, there was less restenosis among 
patients for whom the largest possible size burr was used and the greatest diameter 
gained. 

Late lumen loss was 0.25 mm, clearly lower than that for adult elective percu- 
taneous coronary intervention (PCI), for which average late lumen loss is 
0.90-1.00 mm. Restenosis is determined by initial diameter gain and late lumen 
loss, the latter of which is caused by neointimal hyperplasia triggered by inflam- 
mation resulting from vessel injury. Drug-eluting stents, which are coated with a 
drug meant to inhibit this, have dramatically reduced post-PCI restenosis and are 
used in clinical settings. It may be that in KD coronary lesions, because young 
coronary arteries are pathologically subject to severe inflammation, both the normal 
media and intima structures are destroyed, and the neointimal hyperplasia caused 
by smooth muscle cell proliferation and migration that is seen in adult atheroscle- 
rotic lesions does not occur so easily. The late lumen loss ratio, calculated by 
dividing late lumen loss by initial lumen gain, is 0.4 for balloon angioplasty, 0.6 for 
stenting, and 0.7 for rotablation when performed on adult atherosclerotic lesions. In 
contrast, the ratio for Rotablator-treated KD coronary artery lesions is 0.2, almost as 
low as the 0. 1 ratio for drug-eluting stenting in adults. Therefore, in contrast to adult 
patients, restenosis prevention in KD artery lesions depends greatly on initial gain; 
thus, it is necessary to use as large a burr as possible. Vessel diameters of 3.8 mm 
and comparatively large lesions are common, so even using the largest burr size of 
2.5 mm, the burr-to-artery ratio is 0.6, which suggests little risk of perforation. 

Catheterization was repeated in 8 (24 %) patients with restenotic lesions. Of 
these, 44 % underwent repeat rotablation, 22 % received stents, 33 % were treated 
with balloon dilatation, and 1 1 % were treated conservatively. No patient who 
underwent repeat rotablation had received treatment using the largest (2.5 mm) 
burr during their initial rotablation. There was no repeat restenosis after the second 
rotablation. 


New Coronary Aneurysms in the Late Period 

In follow-up angiography performed 3-6 months post-procedure on all 33 lesions 
(100%), four (12%) patients had new coronary aneurysms at the treatment site; 
60% of these occurred in lesions with sufficient post-procedural stenosis (<25 %). 
This proportion was significantly higher than that for lesions with post-procedural 
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stenosis of 25 % or greater (4 %). While there were no new coronary artery 
aneurysms found in lesions where intravascular ultrasound revealed circumferential 
calcification, aneurysms did develop in lesions in which high-pressure balloon 
dilatation caused cracks in post-procedural circumferential calcification. Because 
young coronary arteries are subject to pathologically severe inflammation in KD, 
the normal media and intima structures are destroyed, so it is likely that dilatation 
force from the vessel lumen reaches the adventitia, which may trigger coronary 
aneurysm formation. 

While we recommend using the largest possible burr, to prevent restenosis, we 
believe that post-dilatation should be performed at a comparatively low pressure, 
aiming at 30-50 % post-procedural stenosis and refraining from excessively high- 
pressure dilatation. Furthermore, the development of new aneurysms is a phenom- 
enon particular to KD patients [1]. Stent use may result in late-stage stent 
malapposition, so stenting should be undertaken only when absolutely necessary, 
and limited to bail-out situations. 


Long-Term Prognosis for Patients Undergoing PCI on KD 
Coronary Artery Lesions 

We investigated long-term outcomes (follow-up period: 13 years) for initial elec- 
tive PCI in 39 KD pediatric patients (44 lesions). The mean age at time of treatment 
was 16 years. In 37 stenotic lesions (90%) with marked calcification near the 
coronary aneurysm, we performed rotablation and POBA (balloon dilatation); 
bare metal stents were placed in 4 lesions (10%). The rate of reintervention for 
restenosis was 35 % during a period of 5 years, and most of these procedures were 
performed within 1 year of the initial intervention. No reinterventions were 
performed during years 5 through 15. These patients continued periodic follow- 
up during their school years and were maintained on aspirin and warfarin (in cases 
of residual aneurysm); almost none required repeat (non-medical) treatment for the 
initially treated area during adulthood. Additionally, no aneurysm progression or 
rupture was seen, and, as reported by Suda et al. [2], outcomes were good for giant 
aneurysms as well. Only two patients (5.6%) had cardiac-vessel events in adult- 
hood, after the 10-year mark. The first patient, who underwent stent placement at 
age 27 years, did not undergo regular check-ups thereafter and developed recurrent 
chest pain at age 38 years. A new lesion was found in a location different from that 
of the previously treated lesion and the patient underwent stent placement. The 
second patient did not undergo regular check-ups after rotablation and POBA 
treatment, at age 14 years, and experienced cardiopulmonary arrest during exercise, 
at age 25 years. The patient was rushed to the hospital, where targeted temperature 
management and coronary bypass saved his life. This patient also presented with a 
new lesion in a location different from that of the previously treated lesion. 
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The above findings suggest that while restenosis can occur within 1 year of PCI 
treatment in school-aged patients, re-treatment prognosis is good, aneurysms do not 
progress even as the patient enters adulthood, and lesions remain stable. However, 
these findings do indicate that continued antiplatelet therapy and anticoagulant 
therapy (in patients with aneurysms) are necessary, that new lesions appear earlier 
than in non-KD patients of similar age, and that medical therapy is required for 
more stringent atherosclerosis prevention. For these reasons it seems that ongoing 
medical observation, even into adulthood, is necessary. In their 30-year follow-up 
of 60 pediatric KD patients with a history of MI, Tsuda et al. [3] found that many 
patients with low cardiac function had died from life-threatening ventricular 
arrhythmias, which led the authors to stress the importance of rigorous control. 


Summary 

Catheter-based treatment of KD coronary artery lesions can be performed safely 
with a Rotablator, and the effects are maintained over the long-term. Furthennore, 
the effects were not limited to treatment of focal coronary lesions but extend over 
time as KD patients mature. As long as a guidewire can cross the lesion, KD 
coronary artery lesions should be treated with less invasive catheter treatment 
rather than by surgery. 
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Artery Bypass Grafting and Down-Sizing 
Operation for Giant Coronary Aneurysms 


Yuji Maruyama and Masami Ochi 


Abstract There are several concerns regarding surgical revascularization for 
Kawasaki coronary disease, including the choice of conduit, optimal timing, and 
indications for coronary artery bypass grafting (CABG). The internal thoracic 
artery is the best conduit for pediatric CABG because of its favorable growth 
potential and long-term patency. Use of a saphenous vein graft should be avoided 
unless the internal thoracic artery is unavailable. Indications for CABG for Kawa- 
saki coronary disease have not yet been established. In principle, coronary aneu- 
rysms should be observed continuously for 1-2 years under restrictive 
anticoagulation therapy, because coronary aneurysms regress in 50 % of patients 
within 1-2 years. Presence of severe ischemia with giant coronary aneurysms 
involving obstructive lesions of the left main trunk or left anterior descending 
artery (LAD) is an unequivocal indication for CABG. In addition, a giant aneurysm 
with recurrent thrombosis under restrictive anticoagulation therapy or with severely 
delayed flow without significant localized stenosis may be an indication for CABG. 
However, determining surgical indications is difficult, especially for younger 
children, because of technical challenges. To prevent fatal complications, CABG 
might be indicated at a young age for patients with severe ischemia, because a 
history of myocardial infarction and impaired cardiac function affect prognosis. 
Down-sizing operation for giant aneurysms of non-LAD lesions without significant 
stenosis and severe calcification may be a good choice to improve coronary 
circulation and allow discontinuation of warfarin, if indications for this procedure 
can be established. 
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Long-Term Outcomes of Pediatric CABG 
Introduction 

The long-term outcomes for coronary artery bypass grafting (CABG) for patients 
with Kawasaki disease (KD) remain uncertain. Issues involved in improving long- 
term outcomes for pediatric CABG include conduit choice and the optimal timing 
and correct indications for CABG. These issues will be discussed in the next 
section. 

The characteristics of pediatric CABG need to be considered for patients with 
Kawasaki coronary disease. KD coronary artery lesions are quite different from 
those seen in adult atherosclerotic disease. First, patients with atherosclerotic 
coronary disease occasionally have multivessel and/or diffuse stenotic lesions and 
require multivessel revascularization, whereas patients with Kawasaki coronary 
disease usually have coronary aneurysms and subsequent obstructive changes in 
only the proximal portion of the left anterior descending artery (LAD) or right 
coronary artery (RCA) and require 1- or 2-vessel revascularization. Second, the 
mean age of patients with atherosclerotic disease undergoing CABG is 60-70 years, 
whereas that of patients undergoing pediatric CABG is around 10 years. Hence, 
patients undergoing pediatric CABG have a longer life expectancy, and quality-of- 
life considerations are more important than for adult patients. Third, off-pump 
technique is not applicable in pediatric CABG because young patients do not 
have the usual risk factors for cardiopulmonary bypass, such as diabetes or failure 
of other organs, including cerebrovascular disease, peripheral vascular disease, or 
chronic kidney disease. Reliable conduits with expected long-term patency thus 
need to be anastomosed accurately under on-pump arrest conditions in 
pediatric CABG. 


Choice of Conduit 

Kitamura et al. reported the first pediatric CABG using the saphenous vein graft 
(SVG), in 1976, [1] and the internal thoracic artery (ITA), in 1985 [2], Their results 
showed a significantly higher actuarial patency rate for the ITA than for the SVG, 
and this difference was even greater in young children [3-7]. They reported that the 
actuarial patency of SVG for patients aged <10 years was extremely poor, 25 % at 
3 years postoperatively, and most patients with patent SVG had various degrees of 
degenerative change [3]. Moreover, late cardiac death was strongly related to 
absence of an ITA graft [4, 5]. They therefore recommended avoiding the use of 
SVG unless the ITA is unavailable [3-6]. 

The ITA appears to be the best conduit for pediatric CABG because of its growth 
potential, excellent long-term patency [8], and biological characteristics [9]. A 
Japanese national survey of multiple centers found that ITA patency for patients 
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aged <12 years was less favorable than for those >12 years, and this difference 
appeared to be mainly due to technical difficulties encountered in younger children 
[7], Moreover, late death was strongly related to younger age at the time of surgery, 
and the absence of ITA grafts, in a previous multicenter study [4]. However, 
Kitamura et al. later showed that ITA patency did not depend on patient age at 
surgery [3]. We believe that left internal thoracic artery (LITA)-to-LAD grafting is 
the gold standard even in children >1 year of age or >10 kg in body weight. 

Use of the right internal thoracic artery (RITA) is recommended as a second 
arterial conduit. Kitamura et al. first reported bilateral ITA use for pediatric CABG 
in 1990 [10] and concluded that it should be used whenever indicated [3, 4, 10]. The 
superiority of bilateral ITA over single ITA was confirmed in adult patients over a 
10-year period after CABG [11]. KD patients may benefit much more than adult 
patients from bilateral ITA grafting because of their longer life expectancy. How- 
ever, the usefulness of RITA is less than ideal because of the short length of the ITA 
graft available from the flat, short chest of young children. Moreover, the RITA is 
often not long enough to reach the LAD, left circumflex artery (LCx), or distal 
RCA, even in adult patients. A Y-composite graft using bilateral ITA grafts is 
useful for multivessel CABG in adult patients [12]. However, mild stenosis of the 
native coronary artery is a significant predictor of competitive flow and graft 
occlusion for Y-composite grafts [13]. In KD patients, evaluating the degree of 
localized stenosis around giant aneurysms may be difficult because of severe flow 
turbulence [14]. A complicated graft design, such as the Y-composite graft, should 
therefore be avoided in pediatric CABG for Kawasaki coronary disease. 

The right gastroepiploic artery (GEA) was first used for pediatric CABG in 1990 
[15] and has also been used recently by others, with favorable early results 
[3], However, the long-term patency of GEA in young children has not been 
assessed in a large series. Routine use of the GEA may not be practical for young 
children because its size depends on the patient. In addition, the risk of flow 
competition is greater for the GEA than for the ITA because the GEA is the fourth 
branch of the abdominal aorta. The GEA can thus only be used in large, older 
children. The radial artery (RA) has been used only in redo cases [3], and long-term 
patency of the RA has not been assessed in pediatric CABG. 


CABG Timing and Indications 

The indications for CABG in Kawasaki coronary disease were described in the 
“Guidelines for diagnosis and management of cardiovascular sequelae in Kawasaki 
disease (JCS 2008) [16]’’ (Table 1), which is based on a guideline published two 
decades ago [17]. CABG is considered when there are (1) severe occlusive lesions 
in the left main trunk (LMT), (2) severe occlusive lesions in multiple vessels, 
(3) severe occlusive lesions in the proximal portion of the LAD, or (4) jeopardized 
collaterals. In addition, indications for younger children are described [16]. Whether 
CABG is indicated should be considered carefully in younger children, and the 
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Table 1 Indications of coronary artery bypass grafting for Kawasaki coronary disease [ 16] 

Coronary artery bypass grafting (CABG) is indicated for patients with angiographically evident 
severe occlusive lesions of the coronary arteries and viability of myocardium in the affected area. 
Viability should be evaluated comprehensively, based on the presence/absence of angina and 
findings of ECG, thallium myocardial scintigraphy, two-dimensional echocardiography 
(regional wall movement), and other techniques 

The following findings of coronary angiography are most important. When one of the following 
findings is present, consider surgical treatment 

1 . Severe occlusive lesions in the left main trunk 

2. Severe occlusive lesions in multiple vessels 

3. Severe occlusive lesions in the proximal portion of the left anterior descending artery 

4. Jeopardized collaterals 

In addition, the following conditions should also be considered in determining treatment strategy 

1 . When the event is considered a second or third infarction due to the presence of chronic infarct 
lesions, surgery may be indicated. For example, surgery may be considered to treat lesions 
limited to the right coronary artery 

2. Lesions associated with recanalization of the occluded coronary artery or formation of 
collateral vessels should be evaluated especially carefully. Surgery may be considered for 
patients with findings of severe myocardial ischemia 

3. Whether CABG is indicated should be considered carefully in younger children based on long- 
term patency of grafts. In general, young children controllable with medical therapy are followed 
carefully with periodic coronary angiography to allow them to grow, while patients with severe 
findings have undergone surgery at 1-2 years of age. It is recommended that pedicle internal 
mammary artery grafts can be used in such cases as well 


decision should be based on long-term graft patency. In general, young children 
controllable with medical therapy are followed carefully with periodic coronary 
angiography (CAG) to allow growth, while those with severe disease undergo 
surgery at age 1-2 years. 

In addition to the above guideline, CABG indications in Kawasaki coronary 
disease are also described in the American Heart Association (AHA) scientific 
statement [18]. Indications for coronary bypass procedures in children have yet to 
be established in clinical trials, but such surgery should be considered when 
reversible ischemia is present on stress-imaging test results, the myocardium to 
be perfused through the graft is still viable, and no appreciable lesions are present in 
the artery distal to the planned graft site (evidence level C). However, these 
indications are ambiguous and impractical in clinical situations. 

The surgical indications for Kawasaki coronary disease in our center are listed in 
Table 2. In principle, coronary aneurysms should be carefully observed for 1-2 
years under restrictive anticoagulation therapy, because coronary aneurysms 
regress in 50% of patients within 1-2 years [17, 19]. The presence of a giant 
aneurysm (>8 mm in diameter) is a risk factor for thrombotic occlusion and 
progression of obstructive lesions [17, 20], and aneurysms >5 mm in diameter 
may become stenotic [21]. Giant aneurysms involving the LMT or both the LAD 
and RCA can cause fatal complications, whereas single-vessel obstruction of the 
RCA is often accompanied by marked development of collateral vessels without 
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symptoms [22-24]. Single-vessel obstruction of the RCA is therefore not a basic 
surgical indication [23]. The presence of severe ischemia in giant coronary aneu- 
rysms involving obstructive lesions of the LMT or LAD is an unequivocal indicator 
for CABG at our center. Kitamura et al. limited their surgical indications to 
angiographically significant obstructive lesions (usually stenosis >75 %, and 
preferably >90%), with ischemia [3, 5, 14]. In addition, giant aneurysms with 
recurrent thrombosis under restrictive anticoagulation therapy, or giant aneurysms 
with severely delayed flow without significant localized stenosis, are not indications 
for CABG, because they experienced early occlusion of the ITA graft due to 
competitive flow [14]. However, we consider that these conditions are indications 
for CABG when ischemia is obvious, because these conditions increase the risk of 
myocardial infarction. Use of a Doppler wire or pressure wire to measure average 
peak flow velocity (APV), coronary flow reserve (CFR), and myocardial functional 
flow reserve (FFRmyo) is useful in determining the functional severity of coronary 
artery stenosis and myocardial ischemia [25]. Nevertheless, surgical indications for 
giant aneurysm without significant stenosis should be considered carefully, because 
evaluating the degree of localized stenosis around giant aneurysms is difficult, 
owing to severe flow turbulence. 

Early detection and treatment of myocardial ischemia is essential to prevent 
myocardial infarction and fatal complications. However, determining surgical 
indications for younger children is particularly difficult because of the technical 
difficulties involved. About one-third of KD patients who develop myocardial 
infarction have no obvious symptoms, probably because infants and younger 
children do not complain of chest pain [22]. Comprehensive evaluation of CABG 
candidates should comprise clinical signs and symptoms and findings from CAG, 
exercise electrocardiography (ECG), echocardiography, stress myocardial scinti- 
graphy, left ventriculography (LVG), and other modalities [16]. In particular, 
pharmacological stress tests are useful for young children, who may not be able 
to tolerate exercise stress tests for evaluation of myocardial ischemia [26], Surgical 
treatment is strongly recommended for children with a history of myocardial 
infarction and impaired left ventricular ejection fraction (LVEF), because about 
60% of survivors of first myocardial infarction have some degree of cardiac 
dysfunction [22], and impaired LVEF adversely affects prognosis [7], In addition, 
patients who underwent surgical intervention soon after KD onset had fewer 
episodes of preoperative myocardial infarction and a lower incidence of postoper- 
ative cardiac events than did those who underwent surgical intervention later 
[27]. A recent report showed that CABG can be performed safely even in young 
children, in contrast to previous indications [3]. Application of plain old balloon 
angioplasty (POBA) for anastomotic stenosis of ITA grafts has improved graft 
patency in young children [28]. CABG may thus be indicated for severe ischemia in 
patients aged 1-2 years [16]. ITA grafts have also been used for congenital cardiac 
surgery in infants and young children [29, 30]. We believe that LITA-to-LAD 
grafting is the gold standard, even in children >1 year in age or >10 kg in 
body weight. 
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Table 2 Surgical indications for Kawasaki coronary disease at our center 

1. Deliberate observation for 1-2 years, under restrictive anticoagulation therapy 

2. Surgical indications: positive ischemia with giant aneurysms involving the left main trunk or 
left anterior descending artery 

2. 1 Stenotic or occluded coronary artery 

2.1 Giant aneurysm with recurrent thrombosis under restrictive anticoagulation therapy 
2.3 Giant aneurysm with severely delayed flow 


CABG at Our Center 

Patients and Methods 

Forty-one children and adolescents underwent CABG for Kawasaki coronary 
disease between 1991 and 2014 at Nippon Medical School Hospital in Japan, on 
the basis of our surgical indications. Mean age at surgery was 12.7 ± 8.9 years 
(range, 1-37 years); 32 (78 %) were male and nine (22 %) were female. There were 
26 patients (63 %) aged <12 years and seven patients ( 17 %) aged >20 years. Mean 
age at KD onset was 3.5 ±2.8 years (range, 4 months to 12 years; no data for 
3 patients). Twelve patients (29%) had a history of myocardial infarction and a 
preoperative LVEF of <35 % was noted in one patient (2 %). Four patients (10 %) 
had a history of percutaneous coronary intervention (PCI), including percutaneous 
transluminal coronary rotational ablation (PTCRA) in two patients (5 %). One 
patient with a history of PTCRA was eventually referred to our hospital after she 
had undergone PCI four times at another hospital. Two patients (5 %') had severe 
mitral regurgitation. The preoperative characteristics of the patients are summa- 
rized in Table 3. 

Surgical indications at our center are listed in Table 2 and discussed in the 
previous section. Severe ischemia in a giant coronary aneurysm involving obstruc- 
tive lesions of the LMT or LAD is an unequivocal indication for CABG. In 
addition, when obvious ischemia is detected, a giant aneurysm with recurrent 
thrombosis or severely delayed flow, without significant obstructive lesions, is an 
indication for CABG. Giant aneurysms were identified in 40 patients (98 %) by 
CAG. In the remaining patient without obvious coronary aneurysm, an occlusive 
lesion was found at the LMT. The aneurysms were located at the LMT in 17 patients 
(41 %), the LAD in 40 (98 %), the LCx in 16 (39 %), and the RCA in 38 patients 
(93 %) (Fig. 1). Most patients for whom CABG was indicated had aneurysms in 
both the LAD and RCA. Obstructive lesions developed at the inflow or outflow sites 
of coronary aneurysms in 3 1 patients (76 %) and at the LMT in three (7 %), LAD in 
29 (71 %), LCx in six (15 %), and RCA in 21 patients (51 %). CABG was indicated 
for the remaining 10 patients (24 %) without obstructive lesions, because of giant 
aneurysms of the LMT or LAD with recurrent thrombosis or severely delayed flow. 
In all patients, we detected clinical signs of myocardial ischemia or positive signs of 
ischemia on ECG, echocardiography, or myocardial scintigraphy during exercise or 
pharmacological interventions. 
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Table 3 Preoperative 
characteristics of patients 



Value 

Males 

32 (78 %) 

Age at surgery, y (range) 

12.7 ±8.9 (1-37) 

Age <12 years 

26 (63 %) 

Age >20 years 

7 (17%) 

Age at KD onset, y 

3.5 ±2.8 

Prior myocardial infarction 

12(29%) 

Low LVEF 

1 (2 %) 

Previous PCI 

4(10%) 

Severe MR 

2 (5 %) 


KD Kawasaki disease, LVEF left ventricular ejection fraction, 
PCI percutaneous coronary intervention, MR mitral regurgitation 


Fig. 1 Distribution of 
coronary aneurysms in 
41 patients undergoing 
CABG. Aneurysms were 
located at the LMT in 
17 patients (41 %), LAD in 
40 (98 %), LCx in 
16 (39 %), and RCA in 
38 patients (93 %) 


Operative Procedure 

All patients underwent initial CABG. Thirty-nine (95 %) underwent conventional 
CABG under cardiopulmonary bypass and cardioplegic arrest. Among the 
remaining two patients, one (age 29 years) underwent on-pump beating CABG 
and the other (age 37 years) underwent off-pump CABG. Two patients (5 %) 
underwent concomitant mitral valve repair for coexisting severe mitral regurgita- 
tion. Nine patients (22 %) underwent concomitant down-sizing operation for giant 
aneurysms of non-LAD lesions. 

The 41 patients received a mean of 1.6 ±0.7 grafts: one graft for 20 patients 
(49%), two grafts for 17 (41 %), and three grafts for four patients (10%). Most 
patients (90 %) underwent revascularization of only one or two vessels. Forty 
patients (98 %) underwent ITA-to-LAD grafting (LITA in 37; RITA in 3) exclu- 
sively. The remaining patient, who had a history of successful PTCRA for the LAD, 
underwent two-vessel revascularization for the LCx and RCA, using the RITA and 
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Table 4 Details of surgical 
procedures for CABG 


Type of CABG 


Conventional CABG 

39 (95 %) 

On-pump beating CABG 

1 (2 %) 

Off-pump CABG 

1 (2 %) 

Concomitant procedure 


Mitral valve repair 

2 (5 %) 

Down-sizing operation 

9 (22 %) 

No. of distal anastomoses 

1.6 ±0.7 

S ingle/double/triple 

20 (49 %)/17 (41 %)/4 (10%) 

Conduits used 


LIT A/RIT A/GEA 

40 (98 %)/14 (34 %)/3 (7 %) 

ITA to LAD grafting 

40 (98 %) 

Sequential grafting 

9 (22 %) 

Y-composite graft 

2 (5 %) 

Target coronary arteries 


LAD/Dx/LCx/RCA 

40/11/7/8 


CABG coronary artery bypass grafting, LIT A left internal thoracic 
artery, RITA right internal thoracic artery, GEA right 
gastroepiploic artery, IT A internal thoracic artery, LAD left ante- 
rior descending artery, Dx diagonal branch, LCx left circumflex 
artery, RCA right coronary artery 


GEA to preserve the LITA for a forthcoming obstructive lesion of the LAD. All 
operations were completed using only arterial grafts, comprising the LITA in 
40 patients (98 %), RITA in 14 (34 %), and GEA in three (7 %); no SVG was 
used. A total of 66 distal anastomoses were placed, for the LAD in 40, the diagonal 
branch (Dx) in 11, the LCx in seven, and the RCA in eight. Revascularization for 
the RCA was not completed in some patients in whom obstructive lesions in the 
RCA accompanied marked development of collateral vessels without ischemia. 
Sequential grafting, such as LITA-Dx-LAD, was performed in nine patients (22 %). 
A Y-composite graft was used in two patients (5 %). However, we avoided com- 
plicated graft designs, such as the Y-composite graft, since we have encountered 
graft occlusion due to a string phenomenon of the LITA graft in a Y-composite graft 
using bilateral ITA grafts. Details of the surgical procedure for CABG are summa- 
rized in Table 4. 


Results 

There were no operative or hospital deaths, and no late deaths occurred during 
follow-up (mean duration, 10.9 ± 6.3 years). The cardiac event-free rate at 23 years 
after first-time CABG was 91.1 % (Fig. 2). Cardiac events occurred three times, in 
three patients. Two patients underwent redo CABG; the GEA as a free graft was 
anastomosed to the LAD at 1 year after primary surgery in one patient, because of 
occlusion of the LITA graft (used as a Y-composite graft) anastomosed to the LAD. 
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Fig. 2 Cardiac event-free 
rate in the 41 patients. The 
cardiac event-free rate at 
23 years postoperatively 
was 91.1 %. Cardiac events 
occurred in three patients, 
including redo CABG in 
two patients (for graft 
occlusion in one patient and 
for a new obstructive lesion 
in one patient) and ICD 
implantation for VT in one 
patient 



The GEA as an in-situ graft was anastomosed to the RCA at 5 years after primary 
surgery in another patient, because of a new obstructive lesion. One patient received 
an implantable cardioverter-defibrillator (ICD) for ventricular tachycardia (VT) at 
7 years after primary surgery. No patient suffered myocardial infarction postoper- 
atively. All patients were symptom-free with no obvious restrictions in daily life. 

Graft patency was evaluated postoperatively in all patients (by CAG in 
40 patients; by multidetector-row computed tomography (MDCT) in one patient 
aged 37 years). Most patients underwent CAG postoperatively within 6 months 
after the primary operation, and about half underwent sequential CAG to evaluate 
mid- and long-term graft patency. The early graft patency rate was 98 % (65/66 
anastomoses). The LITA graft (used as a Y-composite graft with the RITA) 
anastomosed to the LAD was occluded and required redo CABG at 1 year after 
primary operation, as described previously. No PCI was needed postoperatively. 


Case Presentations 

Case 1 (Fig. 3) 

A 1 -year-old boy with a giant aneurysm of the LMT to the proximal LAD (with 
severely delayed flow) underwent CABG (L1TA-LAD). The patency of the LITA 
graft was confirmed by CAG at 1 month postoperatively, and growth of the LITA 
graft was confirmed by CAG at 1 year postoperatively, suggesting that the ITA 
represented a “live conduit”. 
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Fig. 3 A 1 -year-old boy underwent CABG (LITA-LAD) for a giant aneurysm of the LMT to 
proximal LAD, with severely delayed flow, (a) Preoperative CAG shows a giant aneurysm of the 
LMT to proximal LAD, with severely delayed flow, (b) Patency of the LITA graft is confirmed on 
CAG at 1 month postoperatively. (c) Growth of the LITA graft is confirmed on CAG at 1 year 
postoperatively 

Case 2 (Fig. 4) 

A 27-year-old man with giant aneurysms of the proximal LAD (with total occlu- 
sion) and proximal RCA (with segmental stenosis) and severe mitral regurgitation 
underwent CABG (LITA-Dx-LAD and RITA-RCA) and mitral valve annuloplasty. 
Patency of the LITA and RITA grafts and absence of mitral regurgitation were 
confirmed by CAG and LVG at 1 month postoperatively. 


Down-Sizing Operation for Giant Coronary Aneurysms 
Introduction 

Giant aneurysms often develop at the proximal portion of the LAD and RCA 
[19, 22], LITA-to-LAD grafting is the gold standard, whereas surgical revascular- 
ization for giant aneurysms of non-LAD lesions is controversial, particularly for 
young children, because of the lack of reliable grafts. Giant aneurysms impair 
coronary circulation with reduced APV, CFR and shear stress and a turbulent 
flow pattern [31-33]. This can induce thrombus formation inside aneurysms, 
which may predispose the patient to acute thrombosis, leading to myocardial 
ischemia and infarction. 

Combination therapy using warfarin and aspirin reduces the risk of myocardial 
infarction in KD patients with giant aneurysms [34, 35], but several arguments 
against anticoagulation treatment have been raised, especially for young children. 
First, anticoagulation therapy in an infant obviously increases the risk of hemor- 
rhagic complications, although a multicenter study revealed that hemorrhagic 
complications associated with combination therapy for KD patients were accept- 
ably low, at 1.7 % per patient-year [34]. Second, the optimal duration of warfarin 
treatment has not been determined. Lifelong anticoagulation treatment is 
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Fig. 4 A 27-year-old man with giant aneurysms of the proximal LAD (with total occlusion) and 
proximal RCA (with segmental stenosis) and severe mitral regurgitation underwent CABG (LITA- 
Dx-LAD and RITA-RCA) and mitral valve annuloplasty. (a and b) Preoperative CAG shows giant 
aneurysms of the proximal LAD (with total occlusion) and proximal RCA (with segmental 
stenosis), (c and d) Postoperative CAG shows patency of the LITA and RITA grafts 

recommended as long as giant aneurysms are present, unless regression of aneu- 
rysms is detected [34]. In addition, thrombus fonnation was observed in most giant 
aneurysms despite adequate anticoagulation [31]. 

The extent of flow disturbances associated with coronary artery aneurysms 
correlates with aneurysm size [31-33]. On the basis of this rheological finding, 
we have adopted a down-sizing operation for giant aneurysms of non-LAD lesions 
without stenosis and severe calcification, concomitant with CABG, to improve 
coronary circulation and allow discontinuation of warfarin. 


Surgical Procedure of Down-Sizing Operation 


The procedure in the down-sizing operation for a giant aneurysm of the proximal 
RCA is shown in Fig. 5. After cardioplegic arrest, the giant aneurysm is exposed 
along its entire length, using an ultrasound scalpel, and incised longitudinally. Care 
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is taken not to injure the right ventricular branches, to avoid perioperative right 
ventricular dysfunction. Fresh and old thrombi located on the posterior side of the 
distal aneurysm are carefully removed with a No. 15 knife and forceps. Interrupted 
mattress monofilament sutures are placed on the bottom of the aneurysm to make a 
“new” posterior wall for the RCA. The anterior wall of the “new” RCA is tailored 
with interrupted mattress monofilament sutures. A soft tube 5 mm in diameter is 
inserted into the internal lumen to maintain the appropriate size. Finally, the roof of 



Fig. 5 Surgical procedure in a down-sizing operation for giant aneurysm of the proximal RCA. 
(a) The giant aneurysm is exposed along its entire length and incised longitudinally to maintain an 
adequate distance to the ostium of the right ventricular branch, (b) Fresh and old thrombi located 
on the posterior side of the distal aneurysm are carefully removed using a No. 15 knife and forceps, 
(c) Interrupted mattress monofilament sutures are placed at the bottom of the aneurysm to form a 
new posterior wall for the RCA. (d) The anterior wall of the new RCA is tailored with interrupted 
mattress monofilament sutures, to reconstruct an internal lumen of appropriate size, (e) The roof of 
the RCA is closed by continuous monofilament sutures, to ensure hemostasis 
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the RCA is closed using continuous monofilament over-and-over sutures, to ensure 
hemostasis. Care should be taken to avoid stenosis around the transition between 
the aneurysm and “intact” RCA. To ensure an appropriate internal diameter around 
the transitional area, a small pericardial patch may be preferable. 


Down-Sizing Operation at Our Center 

Nine patients underwent down-sizing operation for giant aneurysms of non-LAD 
lesions concomitant with conventional CABG. Mean age at surgery was 7.1 ±3.7 
years (range, 1-1 1 years). There were seven males (78 %) and two females (22 %). 
Mean age at KD onset was 4.4 ± 2.9 years (range, 1-9 years). Mean interval from 
KD onset to surgery was 3.2 ±3.6 years (range, 4 months to 10 years). Giant 
aneurysms were located at the RCA in eight patients (proximal RCA in 7; distal 
RCA in 1) and at the proximal LCx in one patient. This procedure was applied 
mainly to sausage-like giant aneurysms in the proximal RCA. Surgical indications 
for a down-sizing operation were giant aneurysms without significant stenosis and 
severely calcified lesions. The degree of calcification was evaluated preoperatively 
by CAG and CT, and indication for down-sizing operation was decided based on 
operative findings (finger palpation). In addition, measurement of APV, CFR, and 
flow pattern by Doppler flow wire is essential to evaluate the functional severity of 
myocardial ischemia (as described in [25]). These parameters (APV >15 cm/s, 
CFR >2.0, and pulsatile flow pattern) were also measured postoperatively as an 
indicator of coronary circulation improvement and to evaluate the possibility of 
warfarin discontinuation. 

The size of giant aneurysms was adequately reduced in five patients, who were 
able to discontinue warfarin due to improved parameters. Two patients continued 
warfarin because they could not complete the down-sizing operation sufficiently due 
to severe calcification. The intervals from KD onset to surgery in these two patients 
were 8 years and 10 years. Occlusion occurred in two patients. One patient underwent 
a down-sizing operation within 5 months after onset of KD. Occlusion was confirmed 
by CAG at 1 month postoperatively, without cardiac events. In the other patient, 
preoperative CFR was extremely low, indicating a disturbance of microcirculation. 
Patency of the RCA, with reduced size, was confirmed on CAG at 1 month post- 
operatively, but occlusion and collateral vessels were identified on CAG at 6 months 
postoperatively, without cardiac events. On the basis of these findings, we believe 
that conditions such as acute phase or existence of micro-circulatory disturbance may 
be contraindications for a down-sizing operation. The down-sizing operation for giant 
aneurysms of non-LAD lesions may be a good choice to improve coronary circu- 
lation and allow warfarin discontinuation, if suitable indications for this procedure 
can be established. Long-term patency of coronary arteries after a down-sizing 
operation should be assessed in the future study. 
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Case Presentation 
Case 3 (Fig. 6) 

An 11 -year-old boy with giant aneurysms of the proximal LAD (with severely 
delayed flow) and the proximal RCA (without significant stenosis) underwent 
CABG (LITA-LAD) and down-sizing operation of the RCA. Postoperative CAG 
at 1 month postoperatively showed patency of the LITA graft and adequate 



Fig. 6 An 11 -year-old boy underwent CABG (LITA-LAD) and down-sizing operation of the 
RCA for treatment of giant aneurysms of the proximal LAD (with severely delayed flow) and 
proximal RCA (without significant stenosis), (a and b) Preoperative CAG shows a giant aneurysm 
of the proximal LAD, with severely delayed flow (a: early phase; b: delayed phase), (c) Patency of 
the LITA graft is confirmed on CAG at 1 month postoperatively. Preoperative CAG shows giant 
aneurysm of the proximal RCA, without significant stenosis, (e and f) Coronary blood flow 
velocity is measured by Doppler flow wire. APV is 11 cm/s, CFR is 1.2, and the flow pattern is 
turbulent (e: at rest; f: after papaverine hydrochloride infusion), (g) Postoperative CAG at 1 month 
postoperatively shows that the size of the giant aneurysm of the RCA has been adequately reduced, 
(h and i) After down-sizing operation, APV is 21 cm/s, CFR is 2.0, and the flow pattern is pulsatile 
(h: at rest; i: after papaverine hydrochloride infusion) 
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Fig. 7 A 4-year-old boy with giant aneurysms of the proximal LAD (with severely delayed flow) 
and distal RCA (without significant stenosis) underwent CABG (LITA-LAD) and down-sizing 
operation of the giant aneurysm of the distal RCA. (a). Preoperative CAG shows a giant aneurysm 
of the distal RCA, without significant stenosis, (b). Postoperative CAG at 1 month postoperatively 
shows that the size of the giant aneurysm of the distal RCA has been adequately reduced 


reduction in the size of the giant aneurysm of the RCA. Coronary blood flow 
velocity was measured by Doppler flow wire. Preoperatively, APV was 1 1 cm/s, 
CFR was 1.2, and the flow pattern was turbulent. After down-sizing operation, APV 
was 21 cm/s, CFR was 2.0, and the flow pattern was pulsatile. The patient was able 
to discontinue warfarin, due to these improved measurements. RCA patency was 
confirmed by CAG at 4 years postoperatively. 


Case 4 (Fig. 7) 

A 4-year-old boy with giant aneurysms of the proximal LAD (with severely delayed 
flow) and distal RCA (without significant stenosis) underwent CABG (LITA-LAD) 
and down-sizing operation of the distal RCA. Postoperative CAG at 1 month 
postoperatively showed patency of the LITA graft and adequate reduction of the 
size of the giant aneurysm of the distal RCA. He was able to discontinue warfarin. 
RCA patency was confirmed by CAG at 1 year postoperatively. 
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Long-Term Graft Patency and Surgical 
Outcomes of Coronary Artery Bypass 
Surgery in Children with Kawasaki Disease 


Soichiro Kitamura 


Abstract Pediatric coronary artery bypass surgery gained wide acceptance after 
the internal thoracic arteries began to be used in bypass operations for post- 
Kawasaki disease lesions. This technique is now the standard surgical procedure, 
and safety (even in infants), graft patency, growth potential, graft longevity, and 
clinical efficacy are well documented. This chapter discusses long-term graft 
patency and outcomes of pediatric coronary bypass surgery for treatment of coro- 
nary lesions caused by Kawasaki disease. 

Keywords Aneurysm (coronary) • CABG • Coronary artery disease • 
Inflammation (systemic) • Pediatric 


Introduction 

In 1967 Kawasaki [1] reported a previously unrecognized acute febrile illness with 
muco-cutaneous lesions and lymphadenopathy (MCLS or MLNS), which was later 
referred to as Kawasaki disease (KD). Death in affected children was soon recog- 
nized as being primarily due to formation of inflammatory coronary aneurysms 
[2], Rupture of coronary aneurysms in the acute phase, and thrombosis or 
fibroproliferative narrowing of the coronary artery during convalescence and the 
late phases of KD, were the main cardiac sequelae and causes of death. Acute 
myocardial infarction due to KD and the resulting high death rate in children [3] 
were regarded as a public health crisis in Japan in the 1970s and 1980s; however, 
there had been no reported attempts at pediatric coronary revascularization surgery, 
and the prevailing opinion in Japan was that surgery had little to offer for 
this acute inflammatory condition. This chapter reviews the development of 
pediatric coronary bypass as the main indication for treatment of coronary lesions 
caused by KD. 
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Historical Overview 

In 1986, Kato et al. [3] published the first evidence that significant coronary artery 
lesions persisted in children after convalescence of KD. In such children, mortality 
from acute myocardial infarction approached 65 % after the second or third myo- 
cardial infarction. In a study published in the late 1970s, coronary artery imaging 
depended on aortic root injection of contrast, which provided limited detail. Selec- 
tive coronary arteriography (sCAG) was not performed in children because of the 
lack of compelling indications and because of concerns about possible higher 
complication rates for small children. However, sCAG was considered essential 
in identifying potential targets for surgical treatment in children. 

We started sCAG in small children by using a 4 F or 5 F handmade catheter 
shaped like a Judkins coronary catheter. Size and curvature were adjusted by 
superimposing catheters on lateral chest radiographs of the child [4]. Although a 
variety of coronary lesions were identified among individuals with KD, obstructive 
lesions most commonly involved the entry or exit portions of coronary aneurysms, 
which were usually located on the proximal coronary arteries, ie, the left main 
trunk, particularly in the left coronary system. In contrast, right coronary artery 
lesions tended to involve more distal areas before and sometimes beyond the 
bifurcation. These findings contradicted the initial belief that surgical indications 
would be quite rare in KD. Surgical coronary revascularization and coronary artery 
bypass grafting (CABG) [5, 6] were soon accepted as having roles in KD manage- 
ment and were included in the treatment guidelines for KD in Japan. 

In Japan in the late 1970s and early 1980s, saphenous vein grafts (SVGs) were 
used exclusively as bypass grafts for adult atherosclerotic coronary artery disease, 
and SVGs were initially used in bypass surgery for children with KD. Because most 
KD patients are children, expected graft patency must be long and SVGs soon 
proved unsatisfactory [7]. Moreover, it was not clear how grafts would respond to 
somatic growth in children. We decided to use a pedicled internal thoracic artery 
(ITA), as it is rarely involved in KD arteritis and is expected to grow when used in 
growing children. We reported the first successful use of ITA grafts in children, in 
1985 [8], In addition, we demonstrated the safety of bilateral ITA use, without 
visible compromise of thorax growth [9]. Since then, we have promoted ITA grafts 
as the best option in pediatric CABG. 


Operation 

The ITA of small children is a short, thin-walled artery with a diameter of 1 mm or 
less, reflecting the child’s small thorax. All pediatric CABG operations were 
performed under cardiopulmonary bypass and aortic cross-clamping with 
cardioplegic myocardial protection. The procedure requires meticulous and precise 
coronary dissection and anastomosis under high-magnification surgical glasses or 
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microscope [10] with 8-0 to 10-0 small needles and sutures. Use of a surgical 
microscope is uncommon for adult CABG but can be useful in pediatric CABG. 
Vida et al. [11] recently successfully utilized a microscope for an infant case. 


Growth Response of Grafts in Children 

We developed a method for evaluating the length and diameter of grafts used in 
children. As reported previously [12], graft length was measured utilizing the 
3-dimensional Pythagorean rule applied to bilateral angiograms. These measure- 
ments showed that in children the ITA graft could grow in accordance with somatic 
growth. In contrast, the SVG, although autologous in origin, had poor long-axis 
growth potential in proportion to body size in children [13]. For this reason 
coronary artery distortion due to tenting or traction was observed during the late 
postoperative period, which obstructed or restricted flow in the coronary artery 
distal to the anastomotic site, even though the SVG was patent [14]. 


Disadvantages of the ITA Graft 

Flow competition can cause a string phenomenon in ITA grafts. This is well- 
documented and occurs because of insufficient blood flow through the graft when 
the recipient coronary artery blood flow is unrestricted [15]. The ITA string 
phenomenon is clinically benign, with no resulting symptoms, and can be identified 
only by angiography, computed tomography, and/or Doppler echocardiography. 
This phenomenon has also been observed in adult CABG for atherosclerotic disease 
and is the major non-technical cause of ITA graft obstruction (thrombosis). How- 
ever, in pediatric CABG the incidence of ITA graft recanalization classified as 
occluded or nonfunctioning after the ITA string phenomenon was 20-25 %[ 16], 
higher than in adult CABG cases. This phenomenon is endothelium-dependent, and 
when flow competition between the graft and recipient coronary artery diminishes 
due to progression of coronary artery obstructive lesions, the ITA regains its flow 
and function as a graft unless the lumen is completely thrombosed. 

Measurement of fractional flow ratio (FFR) with a pressure guidewire may help 
avoid the ITA string phenomenon due to flow competition. Ogawa et al. [17] 
reported that abnormal preoperative FFR normalized after successful CABG in 
KD patients. The usefulness of FFR in preventing the graft string phenomenon in 
pediatric coronary artery disease with multiple aneurysms needs further prospective 
evaluation, preferably in a multicenter trial. Anastomotic ITA stenosis due to 
technical reasons can be managed easily by simple balloon dilatation, with essen- 
tially no recurrence of stenosis [18]. Stenting is unnecessary in this setting and 
should be avoided in children. 
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Long-Term Graft Patency and Morphology in Growing 
Children 

When SVG and ITA long-term graft patency in pediatric CABG were compared, 
patency was far better for ITA than for SVG for both the LAD and non-LAD 
coronary arteries [16, 19]. Recent studies of the patency of ITA grafts for KD found 
no significant difference between the LAD and non-LAD target coronary arteries or 
between younger (< 10 years) and older children (>10 years). ITA grafts patent at 
1 year after surgery remain so for up to 25 years, [16] and I believe they will remain 
patent for the entire life of patients. The ITA string sign followed by occlusion can 
occur within 1 year after surgery [15, 16], The SVG may close early, within 1 year, 
probably due to thrombosis, but can also close late after surgery, due to intimal 
fibroproliferation that eventually results in premature SVG atherosclerosis [14, 16], 

The late postoperative angiographic morphology of SVG and ITA grafts sub- 
stantially differs (Fig. 1). The wall configuration of the ITA graft is smooth, with no 
luminal stenosis or dilatation, and well matched in size with the recipient coronary 
artery area 20 years after surgery [16]. In addition, graft length increased in 
proportion to patient body growth [12, 18]. In contrast, the SVG was usually dilated 
with local narrowing and was sometimes aneurysmal, with prominent irregularity 
of wall contours [14, 16]. Patients aged 20-29 years already exhibited 
fibroproliferative thickening and atherosclerotic changes of the SVG 
[14, 16]. The SVG could also be a cause of acute myocardial infarction in the 
late postoperative period, probably due to embolism formation caused by wall 
thrombus detachment or thrombosis at the site of intimal thickening. Because of 
the poor growth potential of SVGs, they can cause traction on the recipient coronary 
artery, distorting the anastomosis and resulting in poor run-off to the distal artery 
[13, 14], 

With enlarged ITA grafts, either unilateral or bilateral, in association with a 
patent SVG, five fully grown patients who had had total occlusion of both the left 
and right coronary ostia are alive and well at present (Fig. 1). In summary, the 
25-year patency rate was 87 % for the ITA graft and 42 % for the SVG. When used 
in children younger than 10 years, ITA graft patency was 86 %, essentially the same 
as that for the whole age group, as compared with 25 % for the SVG (P < 0.001) 
[16] (Figs. 2 and 3). Data from the 30-year postoperative follow-up indicate that the 
pedicled ITA is the conduit of choice for pediatric CABG, as it ensures persistent 
graft patency, growth potential, and possible metabolic benefits for many decades. 


Survival of KD Children Treated by Pediatric CABG 

Pediatric coronary bypass surgery using arterial grafts is a safe procedure for 
children with severe coronary involvement due to KD. Surgical mortality with 
more than 100 such children has been 0 %, and late mortality during the subsequent 
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Fig. 1 Postoperative coronary angiograms at 24 years after pediatric CABG surgery for KD. A 
boy underwent triple bypass grafting at age 12 years for coronary lesions caused by KD. The 
bilateral coronary ostia and very proximal main trunks were totally obstructed (a). Twenty-four 
years after surgery he developed an acute myocardial infarct due to SVG-LCX artery thrombosis 
(d). Fortunately, bilateral ITAs (LITA-LAD, RITA-RCA) were well patent (b and c), and the 
patient survived without complications. Thrombolysis of the SVG was successfully carried out. 
The configuration and wall characteristics of the ITA (b and c) and SVG (d) are substantially 
different 24 years after surgery. The presence of old SVG can be a cause of acute myocardial 
infarction, (a): total obstruction of the left main trunk, (b): left internal thoracic artery (LITA) — 
left anterior descending artery (LAD), (c): right internal thoracic artery (RITA) — right coronary 
artery (RCA), (d): saphenous vein graft (SVG) — left circumflex artery (LCX) 


25 years was 5 % (95 % confidence interval [Cl], 2-12 %) [16]. Successful surgery 
may also improve cardiac function [20]. Approximately one-third of surgical sub- 
jects had a history of myocardial infarction [16]. Although a strict comparison is 
impossible, surgery for severe coronary involvement due to KD is likely to improve 
patient survival. The 30-year survival of KD children with previous myocardial 
infarction was limited, as low as 49 % (95 % Cl, 27-71 %) [21, 22], as compared 
with 95 % (95 % Cl, 88-98 %) survival at 25-30 years with surgical coronary 
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Long-term Patency of ITA and GEA, and 
SVG for non-LAD vessels 
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Fig. 2 Long-term patency of ITA, GEA, and SVG for non-LAD vessels. The ITA was exclusively 
used for the LAD, and use of SVG was infrequent. The ITA remained continuously patent after 
1 year, and there was no difference in ITA patency between any target vessels, including the LAD 
and non-LAD target vessels: 87 % (95 % Cl, 78-93 %) vs 87 % (95 % Cl, 73-94 %). In contrast, 
SVG patency progressively declined over 20 years. The difference in patency between these two 
graft types was significant (p = 0.002). GEA gastroepiploic artery; see legend for Fig. 1 for other 
abbreviations (Copyright permission obtained from the American Heart Association for reference 
16) 


revascularization [16]. Late death after CABG for KD children was rare, but usually 
resulted from sudden death of children with both reduced LV function and a history 
of ventricular tachycardia [16, 21]. Therefore, it may be important to consider early 
management strategies such as early reintervention for graft failure and electro- 
physiologic studies with early ablation therapy or ICD implantation for ventricular 
tachycardia. 


Event Incidence After Pediatric Bypass Surgery for KD 

Cardiac events were precipitated by (1) ITA graft stenosis at the anastomosis, 

(2) graft obstruction of any cause, including the string phenomenon of ITA grafts, 

(3) fibroproliferative intimal thickening and atherosclerosis of the SVG, (4) late 
thrombosis of the remaining coronary aneurysms, (5) postinflammatory progression 
of coronary artery fibro-obstructive disease, (6) left ventricular dysfunction, and 
(7) episodes of ventricular tachyarrhythmias. The incidences of these cardiac events 
rose as the postoperative period increased, and the total cardiac event-free rates at 
5, 10, 20, and 25 postoperative years were 87 %, 81 %, 70%, and 62% (95 % Cl, 
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Long-term Patency of ITA and SVG 



Fig. 3 Difference in graft patency according to patient age (>10 or <10 years) at surgery. Long- 
term patency for the ITA did not significantly differ (p = 0. 1 63) between patients aged > 1 0 years 
(93%) and <10 years (86%); however, SVG patency was significantly lower (p = 0.004) for 
patients aged <10 years (25%) than for those aged >10 years (58%) (Copyright permission 
obtained from the American Heart Association for reference 16) 


48-74%), respectively [16]. Tsuda et al. [22] reported that the 30-year overall 
cardiac event-free rate was 36 % (95 % Cl, 28^-5 %; n = 245) in patients with giant 
aneurysms and 62 % (95 % Cl, 48-74 %; n = 114) in those who underwent bypass 
surgery [16], Although cardiac event-free rates are not strictly comparable, surgical 
patients, who almost always had a history of multiple giant aneurysms, did have 
fewer cardiac events during the next 25-30 years. 

Although cardiac events were not uncommon at 25 years, events resulting in 
death were rare in surgical patients who received early and adequate interventions, 
either by reoperation or percutaneous coronary intervention (PCI) [16]. Furthermore 
most patients had reached adulthood when the second intervention was required. 
Reoperation utilizing either the radial artery, gastroepiploic artery, or both, and PCI 
using coronary stents is safer and more effective in adults than in children. 

Analysis of long-term follow-up data emphasized the need for prolonged close 
medical supervision of postoperative KD patients with SVGs or persisting patent 
coronary aneurysms [23, 24], In contrast, among children with well-functioning 
grafts, 84% could participate in athletic programs at school and 16% participated 
in sport clubs [16], although preoperatively all these patients had been strictly 
excluded from school athletic programs because of the fear of sudden collapse or 
death on the playground. Upon reaching adulthood, many postsurgical patients 
were successfully employed, and female patients had successful childbirths. The 
evidence strongly suggests that pediatric coronary bypass surgery with ITA grafts is 
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an effective, long-lasting treatment that improves quality of life for children with 
coronary lesions due to KD. 


PCI for Coronary Obstructive Lesions Due to KD 

PCI technology has significantly developed along with that of CABG and has been 
effective for KD coronary lesions [25]. Rotablation and/or stenting are more often 
required for hard fibroproliferative intima and sometimes calcific lesions in KD 
than for atherosclerotic lesions. However, these approaches, particularly stenting, 
are not suitable for growing children. Muta et al. reported [26] that PCI for KD was 
less efficacious than CABG because of the increased need for repeat procedures 
after PCI, particularly when used for children younger than 12 years. Coronary 
revascularization surgery utilizing ITA should be the gold standard for pediatric 
patients with KD. 


Current Status of Pediatric Coronary Bypass Surgery 
in the World 

Reports of pediatric CABG for KD have been increasing significantly in the United 
States, Europe, and Asian countries other than Japan [27-31]. Over the last 15 years 
the author has often been consulted regarding surgical indications for pediatric 
patients with complications of KD by pediatric cardiologists and surgeons in many 
regions and countries, including the United States, Canada, South America, Europe, 
New Zealand, Australia, Turkey, Malaysia, India, China, Taiwan, Korea, and 
Singapore. Patients often had severe coronary lesions, and many required surgery; 
however, the exact number of such patients worldwide is unknown. 

Mavroudis et al. [28] reported the largest series in the United States and 
expanded the indications for pediatric CABG to congenital coronary anomalies of 
infants, with excellent results. Recently, Viola et al. [29] applied CABG with ITA 
grafts to a variety of pediatric coronary lesions, with no operative deaths. In 
addition, at present there is essentially no age limitation for this surgery, and 
pediatric CABG with ITA grafts is now being successfully carried out in infants 
[11, 30], 

The development of pediatric CABG utilizing pedicled ITAs for KD coronary 
lesions and the excellent late surgical results have contributed to standardization of 
surgical coronary revascularization procedures for children, and the procedure is 
now frequently regarded as the treatment of choice for many disease conditions in 
children. Sir Magdi Yocoub [32] stated that the work has developed “from a 
mystery to a paradigm” for KD coronary lesions. Vida et al. [11] recently 
commented that coronary artery bypass graft operations should be regarded as a 


www.ketabpezeshki.com 


66485457-66963820 


Long-Term Graft Patency and Surgical Outcomes of Coronary Artery Bypass. . . 


415 


fundamental part of the training of contemporary congenital heart surgeons. Pedi- 
atric CABG utilizing the ITA, either single or bilateral, can be applied safely not 
only to KD patients but even to infants with a variety of pediatric coronary lesions. 
Its favorable long-term outcomes with respect to graft patency, growth potential, 
and long-term clinical, physiological, and perhaps even metabolic measures, [33] is 
now well documented. 
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Abstract It has been 48 years since Kawasaki first reported Kawasaki disease 
(KD), in 1967. Among the 270,000 patients with a history of KD as of 2010, more 
than 110,000 have reached adulthood. Recent reports indicate that an increasing 
number of adults with a history of KD are developing acute coronary syndrome. 
Thus, the risk and management of acute coronary syndrome are important concerns. 
This chapter describes vessel wall function and morphology of coronary arteries 
long after KD and the characteristics of acute coronary syndrome in adults with a 
history of KD. 

Keywords Kawasaki disease • Acute coronary syndrome • Transition • 
Endothelial dysfunction 


Introduction 

It has been 48 years since Kawasaki first reported Kawasaki disease (KD), in 1967. 
Among the 270,000 persons with a history of KD as of 2010, more than 110,000 
have reached adulthood [1], Recent reports indicate that an increasing number of 
adults with a history of KD are developing acute coronary syndrome (ACS). Thus, 
the risk and management of ACS are emerging concerns. Moreover, even after 
introduction of intravenous immunoglobulin therapy for acute KD, the annual 
incidence of severe sequelae, i.e., giant coronary aneurysm, has not greatly 
decreased [2], Therefore, post-KD coronary sequelae during adulthood are an 
important issue. This chapter describes vessel wall function and morphology of 
coronary arteries long after KD and the characteristics of ACS in adults with a 
history of KD. 
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Table 1 Literature review of Kawasaki disease (KD) cases associated with acute coronary 


syndrome (ACS) during adulthood (33 cases) [3] 

Males:females 

25:8 

Age at ACS 

29 y (median), 23-32 y (interquartile range) 


KD diagnosis during acute illness 



15 cases 

Coronary artery lesions 

3-vessel disease 

8 


2-vessel disease 

8 


1 -vessel disease 

14 


No lesions 

1 

Characteristics of culprit lesions 



Vessels 



RCA 

14 



LAD 

10 



LCX 

5 


Thrombus 

24 


Significant stenosis 

16 


Persistent aneurysm 

23 


Regressed aneurysm 

7 


(including insignificant stenosis) 

2 


ACS acute coronary syndrome, RCA right coronary artery, LAD left anterior descending artery, 
LCX left circumflex artery 


Reports of ACS in Adults with a History of Confirmed or 
Presumed KD 

A literature search was performed to identify abstracts from scientific meetings in 
which adults (age >20 years) received a diagnosis consistent with ACS after a 
history of confirmed or unconfirmed KD [3], Among the 33 adults (25 men, 
8 women; median age, 29 years; range, 20-65 years; interquartile range, 23-32 
years) identified, 15 received a diagnosis of KD during acute illness and 18 were 
suspected of having KD on the basis of coronary findings at the time of ACS, as 
determined by coronary angiography, CT scanning, or autopsy. Eight patients had 
three-vessel disease, another eight had two-vessel diseases, and 14 had one-vessel 
disease at the time of ACS. Culprit lesions were located in right coronary arteries 
(n= 14), left anterior descending coronary arteries (n= 10), and left circumflex 
coronary arteries (n = 5). Culprit lesions were associated with thrombosis (n = 24), 
severe stenosis (n=16), persistent aneurysm (n = 23), and regressed aneurysm 
(n = 7; insignificant stenosis in 2) (Table 1). 

These preliminary results suggest that some KD patients are at risk for thrombus- 
associated ACS in adulthood, which is associated with coronary aneurysms of 
varying size, various degrees of localized stenosis, and even regressed aneurysms. 
However, the findings are limited by the fact that most patients were suspected of 
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having a history of KD on the basis of coronary imaging findings, not a KD 
diagnosis during acute illness. 


Vascular Endothelial Function, Chronic Inflammation, 
and Oxidative Stress in KD 

Provocative coronary angiography, peripheral vessel ultrasound study, and positron 
emission tomography (PET) have confirmed endothelial dysfunction in coronary 
and peripheral arteries long after KD. Endothelial dysfunction, as indicated by 
impaired flow-mediated dilatation of vessels, was reported in brachial arteries 
long after KD in patients with and without coronary sequelae [4], Coronary endo- 
thelial dysfunction, as indicated by acetylcholine-induced vasoconstriction in the 
presence of preserved nitroglycerin-induced vasodilation, was reported in normal 
and diseased vessels long after KD in patients with coronary sequelae in any 
segment [5, 6]. Coronary endothelial dysfunction, as confirmed by provocative 
PET, was reported long after KD in patients with and without coronary sequelae 
[7], Taken together, these reports indicate that endothelial function is impaired in 
coronary or brachial arteries long after severe KD in patients with coronary 
sequelae in any segment [8]. Endothelial dysfunction was continued in adult KD 
cases [9], Elowever, in patients without any coronary artery involvement after KD, 
it is unclear whether endothelial function is impaired in coronary or brachial 
arteries. Endothelial function was preserved in coronary [5] and peripheral vessels 
[6] of such patients [8], 

The mechanisms involved in endothelial dysfunction are unknown. However, 
the process may be mediated by oxidant stress, as endothelial dysfunction was 
improved in KD patients after pretreatment with the antioxidant vitamin C [10]. In 
addition, increased levels of high-sensitivity C-reactive protein and urinary 
8-isoprostane were found in patients with persistent aneurysms long after KD, 
which suggests the involvement of chronic low-grade inflammation in endothelial 
dysfunction [11, 12], 


Intravascular Ultrasound Findings in Patients Fong 
After KD 

Coronary artery lesions, including persistent and regressed aneurysms and localized 
stenoses, long after KD are associated with intimal thickening and subluminal 
calcification in the lesions [13-17]. This is typically observed in localized stenoses. 
Intimal thickening is seen in regressed coronary aneurysms >4 mm in diameter 
during KD convalescence [16]. Subluminal calcification develops in lesions 6 years 
or later after acute illness [17]. intravascular ultrasound-derived intimal thickening 
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is observed rarely in normal coronary segments from disease onset [13-17]. Intimal 
lesions in severe coronary artery lesions, including localized stenoses, long after 
KD are associated with severe calcification and intravascular ultrasound-derived 
heterogeneous components [15]. 


Coronary Sequelae in Adults Long After KD and the Risk 
of ACS 

Coronary sequelae long after KD are pathologically distinct from atherosclerosis in 
the general adult population [18-20]. However, as such coronary sequelae in KD 
are associated with intimal thickening in pathological and ultrasound studies [12- 
20], it is unclear whether such coronary lesions are a substrate for development of 
premature atherosclerosis in adulthood. Because pathological data from adult KD 
patients are limited [18-20], it is not known whether any atherogenic components 
are prone to superimposition on established intimal thickening related to the 
sequelae of KD vasculitis later, in adulthood. Furthermore, even if atherogenic 
components are superimposed on KD-related intimal lesions, it must be determined 
whether such atherogenic components on KD vascular sequelae are related to 
clinical manifestation such as ACS during adulthood. In light of functional and 
morphological alterations in coronary artery lesions long after KD, present evi- 
dence indicates that lifestyle modification to avoid conventional coronary risk 
factors is recommended for at-risk patients. 
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Abstract Psychosocial outcomes for patients after Kawasaki Disease (KD) have 
been positive for most patients. However, a common theme after KD is feelings of 
anxiety and uncertainty regarding long-term outcome, particularly for parents of 
children with CAA. As we strive to provide optimal medical treatment, healthcare 
providers need to be aware of the impact of illness and the potential psychosocial 
outcomes after KD. Patients with coronary sequelae of KD also begin a lifelong 
interaction with the medical system. The importance of a well-planned transition 
from pediatric to adult-based care is an integral component in providing care for 
these patients. Over recent decades, improved longevity for many patients with 
chronic conditions has highlighted the need for formal programs designed to 
transition patients from pediatric healthcare systems to adult-based care. Transition 
programs should involve collaboration between adult cardiologists and pediatric 
KD specialists. Careful planning and communication is essential, so that patients 
transition without gaps in medical care. 

Keywords Kawasaki disease • Transition to adult care • Psychosocial issues 


Psychosocial Issues 
Introduction 

Historically, studies of Kawasaki disease (KD) have focused primarily on etiology, 
diagnosis, treatment, and outcomes of patients. Much less has been written about 
the psychosocial effects of KD on patients and their families. As with many other 
illnesses, the personal toll that KD has on children and families can be significant. 
While data support a positive outcome for most patients after KD, a common theme 
in studies of psychosocial/quality of life in KD is the prevalence of parental anxiety 
levels and persisting concerns about their child’s health. Parental anxiety is not 
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limited to the acute phase of the illness but may continue for years after illness onset 
[1—3]. This heightened concern is understandably most significant in patients with 
coronary artery damage, due to future uncertainties [2], 


Impact of KD on Families 

The initial impact of KD is likely to be similar for all families during the acute 
illness, with stresses that are inherent to having a child with an illness that can have 
long-term health sequelae. The family’s daily routine is disrupted in order to attend 
to the sick child. Most patients with KD require repeated visits to healthcare 
professionals and, ultimately, unanticipated hospitalization! s). Children with KD 
are typically irritable for a variable period of time, and their recovery is a protracted 
process, taking place gradually over 1-2 months. An acute illness in the family 
requires adjustment of schedules, work hours, and childcare for both the ill child 
and other household members. Studies of factors that impact reactions to illness are 
not specific to a particular illness but rather are influenced by several factors, 
including illness severity, parental and patient anxiety levels, and the developmen- 
tal age of the child, as well as basic coping styles, family functioning, and personal 
resiliency [4, 5], Parental anxiety in the initial phase of illness is related both to the 
child’s current condition and uncertainty regarding the potential long-term effects. 

Coronary abnormalities, if they occur, evolve during the initial 4-6 weeks of 
illness, making this a particularly stressful time period. In addition, the diagnosis of 
KD can be challenging in the absence of a specific diagnostic test. The child may 
have had multiple visits and lab tests before receiving a final diagnosis, and this 
may prompt frustration with the medical system [2], Parents of children who 
ultimately developed coronary artery aneurysms (CAA) describe a feeling of 
helplessness, in conjunction with anger and regret, in situations where the diagnosis 
and subsequent treatment of KD were delayed. Often, these families blame them- 
selves for not being more persistent at the time of diagnosis and wonder whether the 
outcome might have been different had their child been diagnosed and treated 
earlier [2], 


Current Understanding of Psychosocial Issues 

Fortunately, most children who are treated for KD do not develop coronary 
aneurysms and return to their previously normal baseline state of health, without 
long-term sequelae. Studies of psychosocial health show that, for most patients, KD 
does not affect long-term health-related quality of life [3, 6], Several studies have 
shown that KD does not have an adverse effect on cognition or academic perfor- 
mance [7, 8]. Patients with KD who did not develop CAA were similar to the 
general population in measures of general psychosocial and physical health 
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[3, 6]. Evidence regarding the effects of KD on behavior is inconsistent: some 
studies report behavioral concerns [8-10], while others found no behavioral prob- 
lems in children with a history of KD [7, 10]. 

To date, there has not been an increase in early heart disease in the group of 
patients without coronary aneurysms. These children are not on long-term medica- 
tions and should have no activity restrictions. Elowever, many centers worldwide 
routinely recommend intermittent follow-up for all KD patients, regardless of 
coronary sequelae. When the clinician recommends routine cardiology follow-up, 
despite a positive prognosis, it can create feelings of doubt or confusion for patients 
and families as to long-term issues. Because these patients are only seen infre- 
quently, it is important to update them as to the rationale for follow-up, if indicated, 
and to make families aware of changes in follow-up protocols and implications for 
the patient, as they occur. It is important that families know that KD is a relatively 
new illness and that information continues to evolve. 

In contrast to patients who recover from KD without sequelae, a small but 
significant number of children develop CAA from KD. These patients and their 
families now have to adjust to living with a chronic, acquired heart condition. The 
transition from a healthy child to a child with coronary aneurysms is challenging on 
many levels. The addition of daily medications, as well as repeated medical visits 
and testing, to the routine of a previously healthy child can have a significant impact 
on their life. For patients on anticoagulant and/or antiplatelet agents, certain 
activities, such as contact sports, may have to be avoided, thereby potentially 
changing family dynamics and affecting the child’s social and psychosocial health. 
This can particularly impact families if other children are involved in activities in 
which the affected child can no longer participate. Parents of children with aneu- 
rysms describe concerns about the uncertainty of long-term outcomes and the fear 
of future cardiac events. These concerns are valid and should not be minimized or 
ignored. In a recent qualitative study in Canada, parents of children with aneurysms 
described the challenge of trying to find a balance between concerns for the future 
while attempting to maintain a “normal life” for their child. 


Psychosocial Issues: Recommendations for Clinicians 

Physicians and nurses play an instrumental role in the education, assessment, and 
support of families during all phases of KD. Providing accurate and current 
information is particularly important. This is especially true in the current era of 
the internet, in which information is vast and can be overwhelming and sometimes 
misleading. Open and honest communication helps to decrease anxiety and 
increases trust in the healthcare system. 

On a practical basis, it is important to make sure that families have the education 
and knowledge to respond to medical situations if they arise. Patients and families 
of children with aneurysms should be educated as to the signs, symptoms, and 
response to coronary ischemia. Education should be ongoing, beginning during the 
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initial illness and reinforced at each clinic visit. Cardiopulmonary resuscitation 
should be taught to parents of children with coronary abnormalities. In addition, 
some patients and families may benefit from additional professional psychological 
support focused on coping with acute and chronic illness. 


Transition to Adult Care 
Historical Overview 

KD was described more than four decades ago in Japan, with cases in the United 
States reported shortly thereafter. As it has been over 45 years since the first case, 
there are now a significant number of adult patients with a history of KD. The 
advent of early intravenous immunoglobulin (IVIG) treatment, in the late 1980s, 
has led to a decrease in the cardiac morbidity associated with KD [11, 12]. Although 
the incidence of CAA has decreased since the use of IVIG, KD continues to be the 
leading cause of acquired heart disease in the developed world [13]. To assure 
consistent and knowledgeable lifelong care, adolescent and adult patients with 
cardiac sequelae require a well-planned transition program. In addition to providing 
optimal clinical care, transition of patients to formalized adult programs with 
expertise in KD should facilitate the ability to track these patients over their 
lifespan, with the goal of improving care for future generations. 

Over the last few decades, the improved longevity of many patients with chronic 
conditions has highlighted the need for formal programs that specifically aim at 
transitioning patients from pediatric-based healthcare systems to adult-based care. 
An example of this is the increasing number of patients with congenital heart 
disease who now survive into adulthood. This population has benefited from 
advances in treatment, and new specialties have evolved in order to provide a 
continuum of care to these patients throughout their lifespan. Many pediatric 
centers have paired up with adult centers to provide care to these patients. Training 
programs have been developed specifically for clinicians caring for adults with 
congenital heart disease. Guidelines in place in the United States and several other 
countries recommend optimal transition practices for children with congenital heart 
disease [14], 

To date, however, there are no specific guidelines or recommendations for 
designing an optimal adult-based program for the care of adult patients with 
KD. Therefore, current practices vary greatly across centers. Although the basic 
principles of transition apply to all adolescents and young adults with chronic 
healthcare needs, patients with KD present some unique challenges. In contrast to 
those affected by congenital heart disease, survival into adulthood has not been the 
main issue in KD, as mortality rates are less than 1 %. In addition, although overall 
morbidity from CAA has decreased since the start of routine use of IVIG, in the 
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1980s [11, 12], there are still a significant number of young people living with 
coronary aneurysms, the most common long-term sequela of KD. 

Patients who have CAA from KD are a medically intense group. In particular, 
patients with large or giant aneurysms require daily medications, such as anticoag- 
ulants, antiplatelet agents, beta-blockers, or other medications, which may affect 
overall daily quality of life. These patients require close medical surveillance and 
management as well as possible interventions (surgical or catheter-based) through- 
out their lifespan. 

During the time period when most adolescents are dealing with the excitement 
and demands of developing independence, adolescents with chronic health condi- 
tions must face additional demands as they begin to assume responsibility for their 
own, often complex, healthcare needs. Patients, families, and clinicians are all 
important participants in the transition plan and process [15]. The age of transition 
to adult clinicians varies greatly between countries and institutions. Some countries, 
such as Canada, mandate transfer at age 18; others leave the decision to the patient 
and/or clinician. Barriers to transition are multifaceted and may include both patient 
factors (attachment to providers, presence of comorbidities, insurance issues) and 
provider factors (attachment to patients and families) [16-18], It is common during 
these transition years for patients to be at risk for interruptions of healthcare (loss to 
follow-up) [18, 19]. Patients who have lapsed in their medical care may present to 
healthcare systems again only after symptoms occur. This highlights the impor- 
tance of developing and discussing transition options before the planned age of 
transfer. 

Existing transition programs in pediatric cardiology have focused on training 
clinicians to provide healthcare to adults with congenital heart disease across the 
life spectrum. In contrast, adult cardiologists are generally well versed in athero- 
sclerotic coronary artery disease but may not be familiar with the vascular sequelae 
of KD, which differs from atherosclerotic heart disease in its characteristics and 
natural history [20], 

Further complicating the issue of follow-up in patients after acute KD is that one 
cannot consolidate recommendations for all KD patients under one heading, as 
follow-up depends on the extent of cardiac involvement. Fortunately, most KD 
patients have no obvious coronary artery sequelae, and these patients have had an 
excellent prognosis, without evidence of chronic health issues to date [21, 22]. 


Transition to Adult Care: Current Practices 

As healthcare providers began to recognize the symptoms of KD, in the 1970s and 
1980s, KD was diagnosed with increasing frequency. These initial patients are now 
in their early to middle adult years, and therefore the creation of thoughtful 
transition programs needs to be a true priority in the decades ahead. 

For patients without cardiac sequelae, long-term cardiac follow-up is not 
mandated, although preventive cardiology evaluation is recommended [13]. 
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Nevertheless, many clinicians believe that, to inform the next generation, it is 
important to have continued organized follow-up of the natural history of these 
patients. National registries can be instrumental in collecting the relevant follow- 
up data. 

In contrast to patients with normal coronary arteries, patients with CAA require 
life-long cardiac follow-up and repeated testing. However, even within the group of 
patients with coronary artery dilation/aneurysm formation, there is substantial 
variation in the extent of damage. Every case is unique, and some patients are 
more significantly affected than others. 

Even during childhood, many institutions partner with adult cardiologists for 
their expertise in coronary testing and interventions. As KD patients reach adult- 
hood, it will be important to formalize these relationships and have programs in 
place so that patients with CAA or other cardiac sequelae can be transitioned to 
adult cardiology teams that have knowledge of the unique issues related to KD. 


Principles of Transition 

To make the transition from pediatric to adult care as easy as possible, it is essential 
to involve the patient and family in the decision. Education and discussion is a 
dynamic process and can be performed by a physician, nurse practitioner, or 
physician’s assistant with knowledge of KD. Most importantly, issues related to 
transition should begin to be addressed many years before the actual change in care. 

Because most patients are young when they develop KD, much of the initial 
education related to the illness is appropriately directed to parents. However, as 
children age, it is important to include them in the discussion and educate them 
about KD and their specific medical situation. Speaking to the child/adolescent 
alone for some of the visit helps patients get used to interacting with the healthcare 
system [15]. Visual aids may be helpful in describing coronary sequelae. When it is 
developmentally appropriate, teaching and discussion should also include an expla- 
nation of any medications the patients take on a regular basis. In addition, as 
adolescents begin to spend more time outside of their home with friends and 
extracurricular activities, it is important to discuss and reinforce potential signs 
and symptoms that may require immediate medical attention. 

Patient education and transfer of some of the responsibilities of care can take 
place well before an actual transition. Assessment of whether adolescents know the 
names of their medications and rationale for their use should be part of the visit. As 
they get older, teenagers can be taught to call the provider and the pharmacy to 
request medication refills. They can also begin to make their own routine appoint- 
ments. There are several transition tools that have been designed to determine 
whether an individual seems ready to transition to an adult provider [23]. 

Lastly, it is important to consider that several transitions may be occurring 
simultaneously, adding to the inherent stresses of adolescence and young adult- 
hood. In particular, patients requiring anticoagulants may be followed by several 
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clinicians: a pediatrician, a pediatric cardiology practice, and, sometimes, an 
anticoagulation team, with whom they may have the most frequent contact. There- 
fore, some young adults with giant aneurysms may need to make multiple transi- 
tions: from home to college or work; from a pediatrician to an adult primary care 
clinician; from a pediatric cardiologist to an adult cardiologist; and from a pediatric 
anticoagulation team to an adult-based team. In such cases, a staged transition may 
be preferable so that the individual and family are comfortable with one provider 
before moving all at once. Discussing and coordinating the transition plan with the 
patient’s primary pediatrician may be helpful, as they have a long-term history with 
the family and may see the patient on a more frequent basis [24]. 


Dealing with Grown-Up Issues in KD and CAA 

Preventive Cardiology 

Patients with KD with CAA are considered a high-risk coronary group, and routine 
assessment of adult risk factors for coronary artery disease should begin early in 
life, with updates at all evaluations. Monitoring of coronary risk factors should be 
performed at each visit, including screening for hypertension, a review of family 
history, assessment of individual risk factors (body mass index, exercise level), and 
documentation of a recent lipid profile. A heart-healthy diet is recommended for all 
these patients, and those with dyslipidemia or obesity should be referred to a 
registered dietician. Smoking is discouraged in any patient, but especially so in 
patients with CAA. Most patients do not have significant exercise restrictions and 
can participate in some form of aerobic exercise. It is important to encourage 
regular exercise in all patients, within the restrictions of their particular coronary 
disease/risk level [13]. The threshold for pharmacologic therapy for hyperlipidemia 
and hypertension is lower for patients with known coronary artery disease. In 
addition, many practices routinely use statins in these patients for their anti- 
inflammatory effects, regardless of lipid status. 


Risk Behaviors 

Common adolescent behaviors, including smoking and use of alcohol, should be 
discussed, so that patients are aware of possible interactions (eg, with warfarin). 
The use of some street drugs, such as cocaine, can have serious adverse conse- 
quences for patients with heart conditions. 


www.ketabpezeshki.com 


66485457-66963820 


434 


A.L. Baker 


Pregnancy 

Counseling regarding birth control and pregnancy in patients with CAA should 
begin in adolescence. Any restrictions or recommendations for contraception 
should be discussed early. Close connections should be developed with high-risk 
obstetric teams, so that patients can be monitored closely during pregnancy. Some 
medications used for coronary artery disease, such as warfarin, may be teratogenic, 
and substitutions may be necessary during pregnancy. It is ideal to recommend 
referral to a high-risk obstetric service before a planned pregnancy, so that the 
patient has adequate information and prenatal planning before pregnancy. In gen- 
eral, during pregnancy and delivery, care of patients with CAA is managed jointly 
between a cardiology team and a high-risk obstetric team. Present evidence indi- 
cates no increased risk of pregnancy in patients with a history KD but no CAA. 


Transition to Adult Care: Summary and Recommendations 
( Tables 1 and 2) 


In summary, substantial numbers of patients who have had KD are now entering 
or are well into their adult years. For those without CAA, the outlook is bright, 
without a documented increase in the incidence of early heart disease to date. In the 
United States, routine surveillance of these patients is left to the individual pro- 
vider, with a main focus of optimizing cardiovascular health. 

Table 1 Summary of recommendations for transition to adult care in patients with KD and CAA 

1 . Each program should have a formalized plan in place for transition of patients with CAA after 
KD in their institution 

2. Ideally, transition should be made to an adult provider with expertise in CAA in KD, in 
collaboration with the pediatric KD team 

3. The patient’s developmental level and ability to assume independent care should determine the 
timing of transition 

4. All stakeholders (patient, parents, and clinicians) should be involved in the decision regarding 
when to transition care to an adult-based provider/healthcare system 

5. Individual cardiac sequelae should be reviewed with the patient in a developmentally 
appropriate manner, starting at a young age 

6. Decreasing additional coronary artery risk factors should be part of routine follow-up care and 
education, namely, a heart-healthy diet, exercise, lipid screening, and family history 

7. The patient’s history, previous test results, and transition plan should be communicated 
verbally and in writing with the new primary care provider as well as with the adult cardiac team 
and any other involved clinicians (eg, anticoagulation team) 

8. Introduce age-appropriate health information related to contraception and pregnancy begin- 
ning early in adolescence in patients with CAA, with referral to a high-risk obstetric team, if 
indicated 

Adapted from Best Practices in Managing Transition (guidelines) [14] 
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Table 2 Patient education topics related to KD 
Cardiac sequelae 

Spend time reviewing specific coronary artery /cardiac status for each patient 
Discuss signs and symptoms of myocardial ischemia and how to respond 
Discuss options for ongoing diagnostic testing: include rationale for each 
Echocardiogram/EKG 
Stress testing 
CTA/MRI/Catheterization 
Medication 

Review all medications; include rationale, dose, and side effects 

Encourage responsible self-administration, compliance techniques (such as setting phone 
alarms) 

Assess readiness for transition with parent and patient 
Ability for self-care/medication 
Understanding of importance of regular follow-up 
Knowledge of illness 
Healthcare insurance issues 
Decreasing Additional Cardiac Risk Factors 
Heart-healthy diet 

Maintaining optimal body mass index 

Regular aerobic fitness, with discussion of limitations and rationale, if necessary 
Avoidance of smoking 

Regular monitoring of BP, risk for diabetes, lipid profile 
Contraception and pregnancy planning 
Contraception options/risks 
Discussion of pregnancy in the setting of CAA 
Use of medications 

Referral to high-risk obstetric team, if indicated 
Adapted from Best Practices in Managing Transition (guidelines) [14] 


As patients with known CAA become adults, collaboration with adult cardiol- 
ogists or adult/pediatric cardiology teams needs to be established, and transition 
programs should be developed to continue care into the adult years. Transition to a 
selected practice(s) that has an interest in and familiarity with the natural history of 
CAA in KD will help ensure optimal care and inform treatment options. 

The basic principles of transition are similar for chronic health conditions that 
are diagnosed in childhood and include the gradual and repeated preparation of the 
patient and family before the actual transition to an adult provider/program. 
Assessment, planning, discussion, and education should begin well before a sched- 
uled transition to an adult-based healthcare provider and system. Most importantly, 
detailed verbal and written communication between the pediatric and adult provider 
is necessary, to provide continuity of care. To decrease the chance of a lapse in 
medical care, an appointment with the new adult provider can be facilitated at the 
last pediatric visit. Programs with dedicated staff are helpful in assuring that 
patients are not lost to follow up during this important period. 
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Abstract The long-term outcomes of adults who developed KD in childhood have 
yet to be determined. Those with severe vascular damage will clearly require 
longitudinal care, and their risk for myocardial ischemia is clear. For those with 
no vascular changes detected by transthoracic echocardiogram during the acute and 
subacute phase of their illness, the prognosis is less clear. Longitudinal studies are 
critical to improving our understanding of the vascular lesions and potential 
sequelae after KD. 

Keywords Adult sequelae • Coronary artery aneurysms • Myocardial infarction 


The number of adults with a history of KD in childhood is increasing each year, and 
these patients are coming to the attention of adult cardiologists, primarily due to 
acute thrombosis of coronary aneurysms. System dynamic models suggest that by 
2030 one in every 1600 adults in the United States will have a history of KD 
[1]. Longitudinal, randomized trials to guide management of adult patients who had 
KD in childhood have not yet been performed. Consequently, appropriate manage- 
ment of adults with a history of KD in childhood is uncertain and controversial. 

If a diagnosis of KD is missed or delayed, the likelihood of coronary artery 
injury increases. Coronary aneurysms or moderate coronary dilation may persist or 
remodel. Left ventricular systolic dysfunction may also nonnalize on echocardiog- 
raphy during the subacute phase of the illness. Pediatric patients may be discharged 
from care and lost to follow-up due to the erroneous assumption that remodeled 
aneurysms pose no future risk. However, after a honeymoon period that may span 
decades, a subset of these patients may present with acute myocardial infarction 
(MI) or heart failure in an adult emergency department [2]. The pediatric cardiol- 
ogist is unaware that the patient had an unexpected adverse outcome, and the adult 
cardiologist must now manage a complex clinical situation with which most are 
unfamiliar. 
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KD patients with giant aneurysms (diameter >8 mm or Z score >10) have a 
significantly increased risk for ischemic events and require specialized life-long 
medical management [3, 4], Giant aneurysms may occlude due to reduced wall 
sheer stress, leading to thrombosis, or due to luminal myofibroblastic proliferation, 
leading to critical stenosis [5,6], Coronary calcification within the wall and within a 
layered thrombus is common and may be extremely dense. Most patients with giant 
aneurysms will develop cardiac complications requiring percutaneous intervention 
or coronary artery bypass surgery. Suda studied a series of 76 Japanese patients 
with giant aneurysms; 59 % required percutaneous or surgical intervention during 
the 25 years of follow-up after KD onset [4]. 

The severity of non-atherosclerotic coronary disease may be difficult to assess 
noninvasively in adults with a history of KD in childhood. Coronary calcium 
volume scoring using low-dose-radiation CT may be a useful tool to distinguish 
normal patients from those with more severe disease. As part of the San Diego 
Adult KD Collaborative study, Kahn et al. studied 70 patients with a history of KD 
(median interval from acute KD to imaging, 14 years) [7]. All patients with a 
history of normal coronaries, and 11 of 12 patients with coronary dilation, had a 
calcium score of zero. Ten of 14 patients with aneurysms had mild to severe 
coronary calcification with calcium scores ranging from zero to >8000 U/mm 3 . 
Of the four patients with aneurysms and negative calcium scores, all were studied 
less than 10 years after KD onset, whereas those with aneurysms and positive scores 
were studied at least 10 years after their initial illness. These data support the use of 
coronary calcium scores as a sensitive screening test to detect patients with severe 
coronary damage, if performed at least 10 years after KD. 

Management of pregnancy in women with coronary artery aneurysms after KD 
in childhood requires multidisciplinary teamwork. The combined Japanese litera- 
ture describes the outcomes of 52 women, all but two of whom had aneurysms 
[8], Five (9.6%) had complications but no Ml. MI has been reported in pregnant 
patients with unrecognized aneurysms secondary to KD. Conversely, in the United 
States, outcomes were excellent for ten patients with 21 pregnancies managed by 
both a maternal-fetal specialist and cardiologist [9], No consistent approach to 
management has been established in prospective trials, but the existing data support 
multidisciplinary care. 

All patients with giant coronary aneurysms should be treated with low-dose 
aspirin and systemic anticoagulation with warfarin or enoxaparin. Future studies are 
needed in order to establish the potential role of novel oral anticoagulants 
(apixaban, dabigatran, or rivaroxaban) that have the advantages of ease of man- 
agement (no monitoring) and safety (reduced bleeding), as compared to warfarin. 
Statin therapy for KD has not been established in clinical trials but may be 
beneficial due to the anti-inflammatory properties of this class of drugs [10]. 

The interventional cardiologist must consider the likely possibility of a large 
thrombus burden when considering stenting in the setting of acute myocardial 
infarction. Intravascular ultrasound to determine vessel diameter and appropriate 
stent size is mandatory, [11] as stent sizing based on visual assessment may lead to 
placement of grossly undersized stents. Another potential pitfall is attempted 


www.ketabpezeshki.com 


66485457-66963820 


Kawasaki Disease: Road Map for the Future 


441 


percutaneous transluminal angioplasty in densely calcified arteries that may not be 
dilatable with balloons unless pretreated with rotational atherectomy [12]. The role 
of covered stents is not established, but such stents have been successful in selected 
cases [13]. 

There is clear evidence that patients with or without remodeling of aneurysms 
are at increased risk of coronary events in adulthood. A recent study of 50 patients 
with acute coronary syndrome [14] noted the following clinical features: male 
predominance (90%), variable age at the time of the event (age range, 18-69 
years; median, 28 years); thrombotic occlusion in 80 %, giant aneurysms in 80 %, 
and “resolved” aneurysms in 6% [14]. 

Currently, there are no evidence -based guidelines for the management of 
patients with moderate or regressed aneurysms. Unfortunately, it is wishful think- 
ing to assume that “normalization” of the coronary artery lumen by echo indicates a 
benign clinical course. Autopsy studies of regressed coronary aneurysms show 
abnormal vessel architecture with marked myointimal proliferation distinct from 
atherosclerosis [6]. Endomyocardial biopsy studies have demonstrated that all 
patients have some degree of myocarditis during the acute phase of KD 
[15, 16]. Because of the documented occurrence of acute thrombotic events, it is 
reasonable to treat these patients with low-dose aspirin and perform periodic stress 
echocardiograms to exclude coronary ischemia and assess left ventricular function. 
Nuclear medicine perfusion testing is an option but has the limitation of high 
radiation exposure, particularly if the studies are repeated. Magnetic resonance 
angiography is useful in specialized centers with high-resolution devices. Statin 
therapy may be considered for its anti-inflammatory benefits, certainly if 
low-density lipoprotein cholesterol is high. 

Mid-term follow-up data indicate that KD patients with no evidence of coronary 
or myocardial injury at the time of the acute illness appear to have an excellent 
prognosis, no different from the general population. At this time, no specific 
therapy or regular evaluation appears to be necessary. However, definitive recom- 
mendations must await longitudinal studies that follow large populations of KD 
patients into the fourth and fifth decades of life. 

When the first series of 50 KD patients was described by Kawasaki in 1967, the 
syndrome was thought to be a benign, self-limited febrile illness with no sequelae. 
This may still be true for most patients with no evidence of coronary artery injury at 
the time of the acute illness. Delayed or missed diagnosis remains an important 
impediment to prompt treatment with intravenous immunoglobulin. Preventable 
coronary injury, which may be very severe, is the unfortunate result. Timely 
diagnosis and treatment remain major challenges for practicing physicians. The 
challenge for the current generation of biomedical researchers is to determine the 
etiology of KD and develop a rapid diagnostic test, so that coronary injury can be 
prevented or reduced. 
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Guidelines for Diagnosis and Treatment of Cardiovascular 
Diseases (2012 Joint Working Groups Report) 1 

[Digest Version] 


Guidelines for diagnosis and management of cardiovascular 
sequelae in Kawasaki disease (JCS 2013) 

This English language document is a revised digest version of Guidelines for 
diagnosis and management of cardiovascular sequelae in Kawasaki disease 
reported at the Japanese Circulation Society Joint Working Groups performed in 
2012. (Website: http://www.j-circ.or.jp/guideline/pdf/JCS2013_ogawas_d.pdf) 
Joint Working Groups: the Japanese Circulation Society, The Japanese Society 
of Kawasaki Disease, The Japanese Association for Thoracic Surgery, The Japan 
Pediatric Society, The Japanese Society of Pediatric Cardiology and Cardiac 
Surgery, The Japanese College of Cardiology 

Chair: 

Shunichi Ogawa, Department of Pediatrics, Nippon Medical School 

Members: 

Mamoru Ayusawa, Department of Pediatrics, Nihon University School of Medicine 
Masahiro Ishii, Department of Pediatrics, Kitasato University 


1 Article Note: The guidelines in this appendix are reprinted with permission from Circulation 
Journal , the Japanese Circulation Society, 2014. 
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Introduction of the Revised Guidelines 

Forty-live years have passed since 1967 1 \ when the first case series of Kawasaki 
disease was reported. Currently, more than half of the patients diagnosed with 
Kawasaki disease are 20 years of age or older. As this timeline suggests, it is 
expected that more than 10,000 patients with cardiovascular sequelae in Kawasaki 
disease have reached adulthood. However, since Kawasaki disease develops most 
frequently by around 1 year of age, many internists are still not familiar with it (See 
Table 3). Recent issues on Kawasaki disease include the high percentage of 
patients who stop visiting their clinic in early adolescence or later, and the occur- 
rence of acute coronary syndrome in adults with a history of Kawasaki disease in 
whom coronary artery lesions were considered regressed after the acute phase of the 
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disease. We also have to address the problem of susceptibility to atherosclerosis in 
patients with a history of vasculitis due to Kawasaki disease. 

Because the pathophysiology of cardiovascular sequelae in Kawasaki disease 
changes over time during childhood, adolescence and adulthood, guidance on the 
diagnosis, treatment and management of cardiovascular sequelae in different ages 
was required, the Japanese Circulation Society Joint Working Groups published the 
Guidelines for Diagnosis and Management of Cardiovascular Sequelae in Kawa- 
saki Disease in 2003 2) , and the first revision of the guidelines in 2008 ’'. The present 
second revision reflects updates over recent years. 

The outline of the present revision is essentially similar to the previous versions. 
However, the present revision includes detailed descriptions of the pathophysiology 
of cardiovascular sequelae to provide important information for the diagnosis and 
treatment of sequelae, and describes genetic background of coronary sequelae and 
coronary hemodynamics. The chapters on the management and education of chil- 
dren with Kawasaki disease were revised and further segmented to provide more 
practical information suitable in the clinical setting. Because the susceptibility to 
atherosclerosis in adults with a history of the disease is expected to become a more 
important problem in the future, new findings on the pathological and clinical 
points of view that have been obtained by now are added in this revision. 

The Joint Working Groups discussed how to classify coronary aneurysms during 
the acute phase. Although giant aneurysms were defined as aneurysms with an 
internal diameter of >8 mm in children under five years of age, and those with the 
internal diameter of a segment measuring >4 times that of an adjacent segment in 
children over five years of age, giant aneurysms in children under five years of age 
are defined as those with the internal diameter of >8mm in a currently ongoing 
national epidemiological survey, recent academic presentations and literature about 
Kawasaki disease. We thus partly modified the classification of giant aneurysms to 
fit the clinical practice (See Table 4). 

Although the present guidelines are based in principle on available evidence, the 
diagnosis and treatment of cardiovascular sequelae in Kawasaki disease are often 
based on case reports. Emphasis was therefore placed on case reports in the present 
guidelines as well. Table 1 lists the criteria for levels of recommendations on the 
procedure and treatment of cardiovascular sequelae in Kawasaki disease. We hope 
this revision will help physicians provide better treatment for their patients. 

Table 2 lists abbreviations used in the present guidelines. 


Table 1 Levels of Recommendations 


Class I 

Conditions for which there is evidence for and/or general agreement that the 
procedure or treatment is useful and effective. 

Class II 

Conditions for which there is conflicting evidence and/or a divergence of opinion 
regarding the usefulness/efficacy of a procedure or treatment. 

Class III 

Conditions for which there is evidence and/or general agreement that the procedure 
or treatment is not useful/effective and may in some cases be harmful. 
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Table 2 Abbreviations 


3D 

three-dimensional 

LVEF 

left ventricular ejection fraction 

ACC 

American College of 
Cardiology 

MCLS 

infantile acute febrile mucocutaneous 
lymph node syndrome 

ACCP 

American College of Chest 
Physicians 

MCP-1 

monocyte chemoattractant protein- 1 

ACE 

angiotensin converting 
enzyme 

MDCT 

multi-detector row computed tomography 

AHA 

American Heart 

Association 

MLC 

myosin light chain 

ALT 

alanine aminotransferase 

MRA 

magnetic resonance angiography 

AMI 

acute myocardial infarction 

MRCA 

magnetic resonance coronary angiography 

APTT 

activated partial thrombo- 
plastin time 

MRI 

magnetic resonance imaging 

APV 

average peak flow velocity 

NO 

nitric oxide 

ARB 

angiotensin II receptor 
blocker 

NSAIDs 

nonsteroidal antiinflammatory drugs 

AST 

aspartate aminotransferase 

nST 

non-stress test 

ATP 

adenosine triphosphate 

OD 

once daily 

BID 

two times a day 

PCI 

percutaneous coronary intervention 

BNP 

brain natriuretic peptide 

pgi 2 

prostacyclin 

CABG 

coronary artery bypass 
grafting 

POBA 

plain old balloon angioplasty 

CAG 

coronary angiography 

pro-UK 

pro-urokinase 

CASP3 

caspase 3 

PTCRA 

percutaneous transluminal coronary rota- 
tional atherectomy 

CFR 

coronary flow reserve 

PVC 

premature ventricular contraction 

CK 

creatine kinase 

QGS 

quantitative gated SPECT 

CK-MB 

creatine kinase-myocardial 
band 

QOL 

quality of life 

CRP 

C reactive protein 

SC 

subcutaneous 

ECG 

electrocardiography 

SCAI 

Society for Cardiovascular Angiography 
and Interventions 

EF 

ejection fraction 

SNP 

single nucleotide polymorphism 

FFRmyo 

myocardial fractional flow 
reserve 

SPECT 

single photon emission computed 
tomography 

FMD 

flow-mediated dilatation 

SSFP 

steady-state free precession 

% FS 

% fractional shortening 

TC 

total cholesterol 

HDL-C 

high density lipoprotein 
cholesterol 

Tc 

technetium 

H-FABP 

heart-type fatty acid- 
binding protein 

TG 

triglyceride 

ICAM-1 

intercellular adhesion mol- 
ecule 1 

TID 

three times a day 

ICT 

intracoronary thrombolysis 

Tnl 

troponin I 

IgG 

immunoglobulin G 

TnT 

troponin T 

I map 

isopotential map 

t-PA 

tissue plasminogen activator 


(continued) 
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Table 2 (continued) 


INR 

international normalized 
ratio 

TTP 

thrombotic thrombocytopenic purpura 

ISDN 

isosorbide dinitrate 

UK 

urokinase 

ITPKC 

inositol 1,4,5-triphosphate 
3-kinase C 



iv 

intravenous 



IVIG 

intravenous 

immunoglobulin 



IVUS 

intravascular ultrasound 



LDL-C 

low density lipoprotein 
cholesterol 



LP 

late potential 




I. Epidemiology of Kawasaki Disease, Current Acute-Phase 
Treatment, and Pathophysiology of Acute-Phase Disease 

1. Current Epidemiology 

1.1 Number of Patients and Diagnosis (Figure 1) 

According to the 21st nationwide survey of Kawasaki disease (2009-2010), the 
number of patients newly diagnosed with Kawasaki disease was 10,975 (6,249 
males and 4,726 females) in 2009, and 12,755 (7,266 males and 5,489 females) in 
2010, yielding a total of 23,730 patients, consisting of 13,515 male and 10,215 
female patients 40 . The sex ratio (male/female) of patients was 1.32, and that of 
prevalence was 1.26, suggesting Kawasaki disease is more common among males. 
The mean prevalence during the 2-year survey period was 222.9 patients/100,000 
children 0-4 years of age (247.6 in males and 196.9 in females). The total number 
of patients with Kawasaki disease reported in the past 20 surveys is 272,749 
(157,865 males and 114,884 females). 

Figure 1 shows changes over time in the number of patients newly diagnosed 
with Kawasaki disease each year 4 ’. In addition nationwide increases occurred in 
1979, 1982 and 1986, the number of patients have tended to increase annually. 
There is a seasonable pattern in the number of new cases. In the recent two years the 
number of new cases was low in fall (September and October) while high in spring 
and summer. Patients under three years of age accounted for 66.8%. The incidence 
rate by age shows a monomodal distribution and is highest in boys 6-8 months of 
age and girls 9-11 months of age. Kawasaki disease was especially prevalent in 
Kanagawa, Nagano and Wakayama Prefectures, and there have been sporadic 
increases in cases in specific areas. 

Patients with a family history of Kawasaki disease accounted for 1.6% of all 
patients. Among the reported cases, 163 patients (0.7% of the reported cases; 0.6% 
in males and 0.8% in females) had a parent who has suffered from Kawasaki disease 
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Figure 1 Changes over time in the number of patients with Kawasaki disease and mortality. In 
the 21st nationwide survey, 1 patient (female) died in 2 years, with a mortality of 0.004%. IVIG, 
intravenous immunoglobulins. Adapted from Nakamura Y, et al. J Epidemiol 2012; 22: 216-221 4 ’, 
with modification. 


(74 fathers and 69 mothers had the disease). Recurrent cases accounted for 3.6% 
(3.9% in males and 3.1% in females). In the latest 2 years, one patient died 
(mortality: 0.004%). The patient had typical Kawasaki disease that occurred at 
3 months of age, and died within 2 months after the onset due to cerebral infarction. 
Table 3 summarizes guidance for the diagnosis of Kawasaki disease 5) . 


1.2 Cardiovascular Complications (Figure 2) 

Among the patients assessed in the 21st nationwide survey, 9.3% (11.0% in males 
and 7.1% in females) experienced acute-phase cardiovascular complications, and 
3.0% (3.6% in males and 2.1% in females) experienced cardiovascular sequelae. 
Acute-phase complications included coronary dilatation in 7.26%, valvular lesions 
in 1.19%, aneurysms in 1.04%, giant aneurysms in 0.24%, coronary stenosis in 
0.03%, and myocardial infarction in 0.01%, which were less prevalent as compared 
with the previous survey 4 '. 

Cardiovascular sequelae included coronary dilatation in 1.90%, aneurysms in 
0.78%, valvular lesions in 0.29%, giant aneurysms in 0.22%, coronary stenosis in 
0.03%, and myocardial infarction in 0.02%. The incidence rate of giant aneurysms 
was about three-fold higher in males than in females 4 ’. 
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Table 3 Diagnostic Guidelines of Kawasaki Disease (MCLS: Infantile Acute Febrile Mucocuta- 
neous Lymph Node Syndrome) 


This is a disease of unknown etiology affecting most frequently infants and young children under 
5 years of age. The symptoms can be classified into two categories, principal symptoms and other 
significant symptoms or findings 


A. 

Principal symptoms 

1 . 

Fever persisting for 5 days or more (inclusive of those cases in whom the fever has subsided 
before the 5th day in response to therapy) 

2. 

Bilateral conjunctival congestion 

3. 

Changes of lips and oral cavity: Redding of lips, strawberry tongue, diffuse injection of oral and 
pharyngeal mucosa 

4. 

Polymorphous exanthema 

5. 

Changes of peripheral extremities: 


(Acute phase): Redding of palms and soles, indurative edema 


(Convalescent phase): Membranous desquamation from fingertips 
6. | Acute nonpurulent cervical lymphadenopathy 

At least five items of 1~6 should be satisfied for diagnosis of Kawasaki disease. 


However, patients with four items of the principal symptoms can be diagnosed as Kawasaki disease 
when coronary aneurysm or dilatation is recognized by two-dimensional (2D) echocardiography or 
coronary angiography. 


B. 

Other significant symptoms or findings 

The following symptoms and findings should be considered in the clinical evaluation of suspected 
patients. 

i. 

Cardiovascular: Auscultation (heart murmur, gallop rhythm, distant heart sounds), ECG changes 
(prolonged PR/QT intervals, abnormal Q wave, low-voltage QRS complexes, ST-T changes, 
arrhythmias), chest X-ray findings (cardiomegaly), 2D echo findings (pericardial effusion, coro- 
nary aneurysms), aneurysm of peripheral arteries other than coronary (e.g., axillary), angina 
pectoris or myocardial infarction 

2. 

Gastrointestinal (GI) tract: Diarrhea, vomiting, abdominal pain, hydrops of gallbladder, paralytic 
ileus, mild jaundice, slight increase of serum transaminase 

3. 

Blood: Leukocytosis with shift to the left, thrombocytosis, increased erythrocyte sedimentation 
rate (ESR), positive C reactive protein (CRP), hypoalbuminemia, increased oc2-globulin, slight 
decrease in erythrocyte and hemoglobin levels 

4. 

Urine: Proteinuria, increase of leukocytes in urine sediment 

5. 

Skin: Redness and crust at the site of BCG inoculation, small pustules, transverse furrows of the 
finger nails 

6. 

Respiratory: Cough, rhinorrhea, abnormal shadow on chest X-ray 

7. 

Joint: Pain, swelling 

8. 

Neurological: Cerebrospinal fluid (CSF) pleocytosis, convulsion, unconsciousness, facial palsy, 
paralysis of the extremities 


Remarks 


i. 

For item 5 under principal symptoms, the convalescent phase is considered important. 

2. 

Nonpurulent cervical lymphadenopathy is less frequently encountered (approximately 65%) than 
other principal symptoms during the acute phase. 

3. 

Male: Female ratio: 1.3 — 1.5:1 , patients under 5 years of age: 80~85%, mortality: 0.1% 

4. 

Recurrence rate: 2~3%, proportion of siblings cases: 1~2% 

5. 

Approximately 10% of the total cases do not fulfill five of the six principal symptoms, in which 
other diseases can be excluded and Kawasaki disease is suspected. In some of these patients 
coronary aneurysm or dilatation have been confirmed. 

Adapted from Kawasaki Disease Study Group of the Ministry of Health, Labour and Welfare. 


Guidelines for the Diagnosis of Kawasaki Disease (MCLS, infantile acute febrile mucocutaneous 
lymph node syndrome), fifth revision. J Jpn Pediatr Soc 2002; 106: 836-837 5) . 
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Coronary dilatation Aneurysms Giant aneurysm Valvular lesions Coronary stenosis Myocardial infarction 
(1.90%) (0.78%) (0.22%) (0.29%) (0.03%) (0.02%) 


Figure 2 Change over time in the incidence of coronary sequelae in Kawasaki disease. Source: 
Nakamura Y, et al. J Epidemiol 2012; 22: 216-221 4) . 

Day 4 after onset was the most frequent day of the first visit, and 24.4% of the 
patients first visited the clinic for Kawasaki disease on day 4 after onset, and 65.9% 
of the patients visited the clinic by day 4 after onset. 


1.3 Treatment 4 ' 

The first administration of intravenous immunoglobulin (IVIG) was given most 
frequently on day 5 after onset on which 37.4% of the patients received the 
treatment. Among patients under 2 years of age, 72.8% of them started IVIG 
therapy by day 5 after onset. 

Patients receiving IVIG accounted for 89.5% of the patients assessed in the 21st 
nationwide survey, and 16.6% of the patients did not respond to the treatment. The 
daily dose of IVIG was 1 ,900~2,099mg/kg in 84.5% of the patients receiving the 
drug, and 900~l,099mg/kg in 13.7%. The duration of treatment was one day in 
92.0%, and two days in 7.9%. Additional doses of IVIG were given to 19.1% of the 
patients. Male patients were dominant in this patient group. Among patients 
receiving IVIG therapy during the acute phase, 6.5%, 0.9% and 0.8% of the patients 
received steroids, infliximab and immunosuppressants such as cyclosporine, 
respectively. 

Among patients not responding to IVIG therapy, 29.0%, 4.3%, and 3.7% of them 
were treated with steroids, infliximab and immunosuppressants, respectively. Plas- 
mapheresis was conducted in 2.2% of the patients. 
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1.4 Non-Cardiovascular Complications 4 * 

Non-cardiovascular complications observed in patients assessed in the 21st nation- 
wide survey were bronchitis/pneumonia in 2.58%, severe myocarditis in 0.16%, 
encephalitis/encephalopathy in 0.09%, tachyarrhythmia in 0.07%, and macroscopic 
hematuria in 0.04%. The incidence rates of encephalitis/encephalopathy, severe 
myocarditis, vomiting, and diarrhea were higher in female patients than in male 
patients. 


1.5 International Comparison 

The prevalence of Kawasaki disease differs substantially among countries. Japan is 
the highest prevalence of Kawasaki disease in Asia and Oceania. The prevalence of 
Kawasaki disease in East Asian countries is higher than any other countries, and the 
number of cases tends to increase in China, Hong Kong, Taiwan and Korea. The 
prevalences in Korea, Hong Kong, and Taiwan is half, third, and third of that in 
Japan, respectively. The prevalence in China ranges substantially from 1/100 to 1/7 
of that in Japan. 


2. Genetic Background of Kawasaki Disease 

Although Kawasaki disease is not a genetic disease, the possibility of a genetic 
predisposition toward it has been suggested by the findings that (1) the incidence of 
Kawasaki disease in Japan is 10~20-fold that in Western countries, (2) the inci- 
dence of Kawasaki disease among siblings of patients is about 10-fold that in the 
general population, and (3) the incidence in offspring of parents with a history of 
Kawasaki disease is about twice that in the general population. Although almost all 
genetic investigation on Kawasaki disease that were available during the prepara- 
tion of the previous revision were case-control studies that investigated specific 
genes suspected to be involved in Kawasaki disease, six reports of genome-wide 
association studies to discover genetic polymorphisms without such hypotheses 
have been published thereafter 6 1 1 

These studies have indicated that the susceptibility to Kawasaki disease may be 
associated with N-acetylated-a-linked acidic dipeptidase-like 2 ( NAALADL2) 6) \ 
zinc finger homeobox 3 ( ZFHX3 ) 6 *; pellino homolog 1 ( PELI1 ) 1) ; coatomer protein 
complex beta-2 subunit ( COPB2)^\ endoplasmic reticulum aminopeptidase 
1 ( ERAP1 ) 8) ; immunoglobulin heavy chain variable region ( IGVH)\ Fc fragment 
of immunoglobulin G (IgG), low affinity Ha, receptor ( FCGR2A ) 9 ' U) ; inositol 
1,4,5-triphosphate 3-kinase C (1TPKC) 9) \ family with sequence similarity 167 mem- 
ber A ( FAM167A ) ia n) ; B lymphoid kinase (BLK) 10 ’ n) ; CD40 ia n) ; and human 
leukocyte antigen ( HLA) ll> . Genome- wide linkage disequilibrium analyses have 
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identified ITPKC 12) , caspase 3 (CASP3) 13 ’, ATP (adenosine triphosphate)-binding 
cassette, sub-family C, member 4 ( ABCC4 ) U) , which were then found in case- 
control studies that these genetic variations are significantly more common in 
patients with Kawasaki disease than in healthy individuals. 


3. Severity Classification 

Kawasaki disease is considered severe when coronary artery lesions develop in 
association with the disease (Table 4). As treatment options for Kawasaki disease 

Table 4 Severity Classification of Cardiovascular Lesions due to Kawasaki Disease 

a. Classification of coronary aneurysms during the acute phase 

- Small aneurysms (ANs) or dilatation (Dil): localized dilatation with <4mm internal diameter 

In children >5years of age, the internal diameter of a segment measures <1.5 times that of an 
adjacent segment 

- Medium aneurysms (ANm): aneurysms with an internal diameter from >4mm to <8mm 

In children >5years of age, the internal diameter of a segment measures 1.5-4 times that of an 
adjacent segment 

- Giant aneurysms (AN1): aneurysms with an internal diameter of >8mm 

In children >5years of age, the internal diameter of a segment measures >4 times that of an 
adjacent segment 

b. Severity classification 


The severity of Kawasaki disease is classified into the following 5 grades on the basis of findings 
of echocardiography and selective coronary angiography or other methods: 


I. 

No coronary dilatation: patients with no coronary dilatation including those in the acute 
phase 

II. 

Transient coronary dilatation during the acute phase: patients with slight and transient 
coronary dilatation which typically subsides within 30 days after onset 

III. 

Regression: patients who still exhibit coronary aneurysms meeting the criteria for dilata- 
tion or more severe change on day 30 after onset, despite complete disappearance of 
changes in the bilateral coronary artery systems during the first year after onset, and who 
do not meet the criteria for Group V 

IV. 

Remaining coronary aneurysm: patients in whom unilateral or bilateral coronary aneu- 
rysms are detected by coronary angiography in the second year or later and who do not 
meet the criteria for Group V 

V. 

Coronary stenotic lesions: patients with coronary stenotic lesions detectable by coronary 
angiography 


(a) Patients without ischemic findings: patients without ischemic signs/symptoms detect- 
able by laboratory tests or other examinations 


(b) Patients with ischemic findings: patients with ischemic signs/symptoms detectable by 
laboratory tests or other examinations 


Other clinical symptoms or findings: 


When patients have moderate or severe valvular disease, heart failure, severe arrhythmia, or 
other cardiac disease, such conditions should be described in addition to the severity of Kawasaki 
disease. 
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have increased, different scoring systems have been proposed to predict prognosis 
of patients with coronary artery lesions according to the patient’s characteristics, 
blood test results, and clinical course. The scoring system by Asai and Kusakawa 151 
were used widely in the 1970s and 1980s when echocardiography was not common 
to assess whether coronary angiography (CAG) is indicated for or not. The Iwasa 
score 16 * and the Harada score 17 * were developed to assess the indication of IVIG. 

In the current situation where the benefits of initial therapy with IVIG have been 
established, patients at the highest risk of coronary artery lesions are those not 
responding to IVIG therapy. Unresponsiveness to IVIG therapy is a surrogate 
endpoint for the development of coronary artery lesions, and represents the severity 
of Kawasaki disease. In 2006, scoring systems to predict unresponsiveness to IVIG 
therapy were published 18-20> . These scoring systems are able to predict 
unresponsiveness to IVIG therapy at a sensitivity of around 80%, and also predict 
occurrence of coronary artery lesions at a similar sensitivity. The reproducibility of 
these scoring systems has been demonstrated in Japan 21 ' 22) , while in North 
America, the sensitivity of these systems is as low as 30~40% 23) . Table 5 lists 
commonly used scoring systems 18-20 *. 


Table 5 Scoring Systems to Predict Unresponsiveness to IVIG therapy 


Kobayashi score 18 ’ (>5 points; sensitivity 76%, specificity 80%) 



Threshold 

Point 

Na 

<133mmol/L 

2 

AST 

>100IU/L 

2 

Day of starting treatment (or diagnosis) 

Day 4 after onset or earlier 

2 

Neutrophils 

>80% 

2 

CRP 

>10mg/dL 

1 

Platelets 

< 300,000/pL 

1 

Age (months) 

<12months 

1 


Egami score 19 ’ (>3 points; sensitivity 76%, specificity 80%) 



Threshold 

Point 

ALT 

>80 IU/L 

2 

Day of starting treatment (or diagnosis) 

Day 4 after onset or earlier 

1 

CRP 

>8 mg/dL 

1 

Platelets 

< 300,000/pL 

1 

Age (months) 

<6 months 

1 


Sano score 20 ’ (>2 points; sensitivity 77%, specificity 86%) 



Threshold 

Point 

AST 

>200 IU/L 

1 

Total bilirubin 

>0.9 mg/dL 

1 

CRP 

>7 mg/dL 

1 


ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C reactive protein; IVIG, 
intravenous immunoglobulin; Na, sodium. 
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4. Diagnosis and Treatment of Incomplete Kawasaki Disease 

A diagnosis of Kawasaki disease is made according to “Diagnostic Guidelines of 
Kawasaki Disease (MCLS: Infantile Acute Febrile Mucocutaneous Lymph Node 
Syndrome) 5 ’” (Table 3) that describes the following six major findings. 

1 . Fever persisting for 5 days or more (inclusive of those cases in whom the fever 
has subsided before the 5th day in response to therapy) 

2. Bilateral conjunctival congestion 

3. Changes of lips and oral cavity: Reddening of lips, strawberry tongue, diffuse 
injection of oral and pharyngeal mucosa 

4. Polymorphous exanthema 

5. Changes of peripheral extremities: 

Acute phase: Reddening of palms and soles, indurative edema 
Convalescent phase: Membranous desquamation from fingertips 

6. Acute nonpurulent cervical lymphadenopathy 

Patients with at least five of the above six major findings are diagnosed as typical 
Kawasaki disease (described as “level A certainty” in the questionnaires for the 
nationwide survey 4 ’). A diagnosis of atypical Kawasaki disease (“level B cer- 
tainty”) is made for patients with four of the six major findings in whom 
two-dimensional echocardiography or cardioangiography during illness revealed 
coronary aneurysms or dilatation and other diseases have been excluded. A diag- 
nosis of incomplete Kawasaki disease is made for other patients such as those who 
meet four of the six findings but do not have coronary aneurysms and those who 
have three of the six findings and have coronary aneurysms after other diagnoses are 
excluded. 

In the 21st nationwide survey where 23,730 patients were registered during the 
2-year survey period, patients with typical, atypical, and incomplete Kawasaki 
disease accounted for 78.7% (79.0% in males and 78.4% in females), 2.6% (2.7% 
and 2.5%), and 18.6% (18.3% and 19.0%), respectively 4 ’. The percentage of 
incomplete Kawasaki disease has increased over time. Incomplete Kawasaki dis- 
ease is more prevalent in young children <2years of age, and older children 
>6years of age. Patients with incomplete Kawasaki disease met four, three, two 
and one of the six major findings in 65.6%, 26.6%, 6.1%, 0.7%, respectively, and 
the number of criteria met was unknown in 0.9% of them. 

A diagnosis of incomplete Kawasaki disease should not be based only on the 
number of findings observed, and physicians should interpret the clinical picture of 
individual patients. Redness of the BCG inoculation site in infants and multilocular 
cervical lymphadenopathy in older children are relatively specific to Kawasaki 
disease. Physicians should also examine laboratory results for findings typical for 
Kawasaki disease. Specifically, Kawasaki disease is often associated with increased 
direct bilirubin, increased hepatic enzyme levels, neutrophilia with left shift, 
thrombopenia, increased C reactive protein (CRP) and increased brain natriuretic 
peptide (BNP). Physicians should also observe patients for cardiac complications 
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other than coronary artery lesions, such as cardiac dysfunction, pericardial effusion, 
and atrioventricular valve regurgitation. 

Coronary artery lesions are prevalent in patients with incomplete Kawasaki 
disease 24-26 '. A recent meta-analysis has reported that the risk of occurrence of 
coronary artery lesions is higher in patients with incomplete Kawasaki disease than 
in those with typical disease (Odds ratio: 1.45; 95% confidence interval: 1.16-1.81) 
27 '. Physicians should consider high-dose IVIG therapy for patients with at least 
four major findings as those for patients with typical Kawasaki disease. Similar 
treatment equivalent to those for typical cases are also recommended for patients 
who show only three major findings or less. 


II. Genetic Background and Pathology of Cardiovascular 
Sequelae and Coronary Hemodynamics 

1. Genetic Background of Cardiovascular Sequelae 

Following the publication of the previous guidelines, genome-wide genetic analysis 
such as genome-wide SNP (single nucleotide polymorphism) analysis and linkage 
disequilibrium analysis have been conducted after the release of the previous 
revision of the guidelines, and genes associated with the susceptibility of Kawasaki 
disease and coronary artery lesions have been reported ’ ’ ’ . Case-control 

studies conducted by different study groups have confirmed that ITPKC and CASP3 
genes are associated with coronary artery lesions due to Kawasaki disease ’ . 

ITPKC and CASP3 are among the genes specified in genome-wide gene analyses to 
be related to the susceptibility of Kawasaki disease. However, as many of these 
genes have no association with the development of coronary artery lesions due to 
Kawasaki disease, it is suspected that different genes are playing different roles in 
the development of Kawasaki disease and the development of coronary artery 
lesions. Detailed genome-wide SNP analysis should be conducted in a sufficiently 
large number of patients with coronary artery lesions to clarify these issues. 


2. Pathology of Cardiovascular Sequelae 

2.1 Coronary Artery Lesions 

Kawasaki disease is a systemic vasculitis that often affects coronary arteries. 
Cardiovascular sequelae is becoming less prevalent due to the advancement in 
treatment, but it is estimated that in Japan more than 10,000 adults with a history of 
Kawasaki disease are living with cardiovascular sequelae. 
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2.1.1 Natural Course of Acute-Phase Coronary Arteritis 

Coronary arteritis due to Kawasaki disease develops on day 6~8 after onset when 
inflammatory cells infiltrate in the intima and adventitia of arteries. This leads to 
inflammation of all layers of arteries (e.g., panarteritis) around day 10 after onset, 
and which rapidly progresses to diffuse inflammation affecting the entire circum- 
ference of the artery. The cells lining arteries are severely attacked by monocytes, 
macrophages, neutrophils and other inflammatory cells, and arterial dilatation 
occurs on around day 12 after onset 31 ' 32) . Significant infiltration of inflammatory 
cells continues by around day 25 after onset, and inflammation subsides by around 
day 40 after onset. 


2. 1 .2 Coronary Sequelae 

a. Reduction and Regression of Coronary Aneurysms 

Coronary aneurysms remaining >30days after the onset of Kawasaki disease 
typically decrease in size during the convalescent phase or later. “Regression” of 
coronary aneurysms, i.e., disappearance of abnormal findings on CAG, often occurs 
within 1~2 years after onset and typically occurs in the case of small or medium 
aneurysms 331 . Histopathologically, the regression of coronary aneurysms due to 
Kawasaki disease is an apparent normalization of lumen diameter through circum- 
ferential intimal hyperplasia with the migration and proliferation of smooth muscle 
cells 341 . It has been reported that patients may develop coronary stenosis at the site 
of regressed coronary aneurysms, a decrease in diastolic function 351 , or abnormal 
vascular endothelial function 36-381 after a long period of time. Patients should thus 
be followed up even after regression of coronary aneurysms. 


b. Arteries with Remaining Aneurysms 

Medium or giant aneurysms that remained during the remote phase typically show 
the following two different pathological features. 

The first type is patent aneurysms without regression. The wall of aneurysms 
consists of hyalinized fibrous tissues with diffuse calcification. At the inlet and 
outlet of the aneurysm, intimal hyperplasia and/or luminal narrowing due to 
organized thrombus are noted 39 ' 40) . There have been reported cases of acute 
coronary syndrome due to thrombotic occlusion of an aneurysm 411 . 

The second type is aneurysms with luminal thrombotic occlusion and partial 
recanalization. The recanalized lumen is surrounded by a thick layer of smooth 
muscle cells, and the cross-sectional view of the aneurysm shows a lotus-root 
appearance. Recanalized lumens may become stenotic due to the proliferation of 
cellular fibrous tissues, and active remodeling is present at the site of aneurysms 
even during the remote phase 39 ' 42) . 
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c. Coronary Arteries without Aneurysm Formation 

Autopsy of patients with a history of Kawasaki disease who died from causes other 
than the disease has revealed diverse findings in arteries including clear scars of 
healed arteritis 43 * and no scars 44 ’. There is no medical consensus about long-term 
prognosis of coronary artery lesions due to Kawasaki disease. Investigation should 
be continued to accumulate clinical data. 


2.2 Myocardial Disorders 

Symptoms of myocarditis often develop during the acute phase of Kawasaki 
disease, but disappear spontaneously. In a histopathological evaluation of patients 
who died during the acute phase of Kawasaki disease, all patients showed inflam- 
matory cell infiltration in the myocardium. Characteristic findings included (1) a 
main finding is infiltration of inflammatory cells into the cardiac interstitium, and 
myocyte injury is rare; (2) neutrophils are predominant cells at the early phase, but 
monocytes and macrophages become predominant over time; (3) inflammatory cell 
infiltration is observed in all regions of the heart during the acute phase, and 
filtration is gradually localized in the basal area; and (4) inflammatory cells 
infiltration into the conducting system is also common 45 ’. Some researchers have 
reported that interstitial fibrosis as a sequelae of myocarditis persists during the 
remote phase 46 ’, while others have pointed out that myocardial lesions in this 
patient population often represent myocardial fibrosis due to previous ischemia in 
the area perfused by the coronary artery where the aneurysm is present and reported 
no changes due to myocarditis 47 ’. 


2.3 Non-Coronary Arterial Disorders 


Kawasaki disease is a systemic vasculitis syndrome that causes vasculitis in a 
variety of blood vessels including large arteries and small muscular arteries 48-50 ’. 
Inflammation occurs in blood vessels located outside the solid organs almost 
spontaneously 51 ’. 


3. Coronary Hemodynamics in Patients with Coronary 
Sequelae 

3.1. Methods and Criteria for Assessment of Coronary Hemodynamics 

It is useful to determine average peak flow velocity (APV), coronary flow reserve 
(CFR), myocardial fractional flow reserve (FFRmyo), shear stress, and peripheral 
vascular resistance, among other measures, using a 0.014-inch guide wire equipped 
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with an ultrasonic probe and a high-sensitivity pressure sensor (Doppler wires or 
pressure wires) in order to evaluate the functional severity of coronary artery 
lesions due to Kawasaki disease. Especially, CFR (CFR=[stress APV]/ [APV at 
rest], where APV is the value at peak dilatation after infusion of papaverine 
hydrochloride injection) and FFRmyo (FFRmyo=[Mean pressure at a site distal 
to the coronary lesion of interest]— { [mean right atrial pressure] / [mean pressure at 
the coronary ostium] } — [mean right atrial pressure], where these pressures are 
obtained simultaneously at peak dilatation after infusion of papaverine hydrochlo- 
ride injection) are suitable for the evaluation of the presence/absence and severity 
of myocardial ischemia and presence/absence of peripheral coronary circulatory 
disorder. These values are also useful in selecting appropriate treatment strategies 
(catheter intervention vs. coronary artery bypass grafting [CABG]) and postoper- 
ative evaluation. 

The reference values in children are 2.0 for CFR and 0.75 for FFRmyo 52 ', and 
identical to those in adults 53-56 '. Shear stress induces a mechanical stress on vascular 
endothelial cells, and affects hemodynamics through endothelium-derived vasoactive 
substances. The reference value of shear stress in children 57 ' that is calculated with an 
approximation formula using APV and lumen diameter is 40dyn/cm 2 . 

The APV determined with the above method represents the velocity at the 
center of the lumen, and the flow velocity near the wall is lower than that at 
the center. Therefore the shear stress near the wall is lower than the APV. 
As coronary blood flow fairly correlates with APV, a ratio of the mean coronary 
blood pressure to APV may be used to calculate total peripheral resistance. 
The reference values of total peripheral resistance at rest and during vascular 
dilatation are 4.0 and 2.0, respectively 57 '. 

Measurements obtained with pressure wires are useful in the evaluation of 
stenotic lesions, and those with Doppler wires in the evaluation of dilatation lesions. 


3.2 Change in Coronary Hemodynamics Associated with Coronary 
Artery Lesions 

3.2.1 Hemodynamics in Coronary Aneurysms without Significant Stenosis 
and in the Distal Vessels 

a. Hemodynamics in Aneurysms 

Turbulent blood flow is present in coronary artery aneurysms, especially giant 
aneurysms. Although there is no decrease in perfusion pressure, a significant 
decrease in shear stress, which is known to damage vascular endothelial cells, is 
noted. It is considered that endothelial cells in giant aneurysms are seriously 
damaged by vasculitis and hemodynamic change. Vascular endothelial dysfunction 
promotes vasoconstriction, and increases susceptibility to thrombogenesis, inflam- 
mation, fibrosis, oxidation, and atherosclerosis. In giant aneurysms due to 
Kawasaki disease, thrombogenesis is the biggest problem, because thrombi may 
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be formed readily in giant aneurysms where accelerated platelet aggregation, 
hypercoagulation and hypofibrinolysis are present. However, some aneurysms 
with an internal diameter of >8mm have normal blood flow waveform, APV and 
CFR. Because giant aneurysms with nonnal hemodynamics may be present, func- 
tional assessment of aneurysms should be made to identify aneurysms at risk. 


b. Hemodynamics in Vessels Distal to an Aneurysm 

Blood flow waveform, APV, CFR and peripheral vascular resistance in vessels 
distal to an aneurysm are similar to those in the aneurysm. Shear stress is higher in 
the distal area than in the aneurysms with a significantly large luminal diameter. 

On the other hand, FFRmyo in the distal area is within the normal range 
regardless of the size and shape of aneurysm, unless significant stenoses are present. 
These findings suggests that vascular endothelial dysfunction, myocardial ischemia 
and coronary microcirculation disorder due to decreased perfusion may be present 
in the area distal to a giant coronary aneurysm even when significant stenosis is not 
present. 


3.2.2 Hemodynamics in the Area Distal to a Stenotic Lesion 

In the region distal to a coronary stenosis causing myocardial ischemia, CFR, 
FFRmyo, shear stress, and peripheral vascular resistance are significantly different 
from those in the control segment, and results outside the reference range are 
obtained in many of these items 57 ’. The volume of blood perfusing in this region 
is small, which suggests the presence of endothelial dysfunction and myocardial 
ischemia. Perfusion pressure is also low, but peripheral vascular resistance is rather 
high as the effect of decreased blood perfusion volume is larger than that of 
decreased perfusion pressure in this region. 


III. Examinations and Diagnosis of Cardiovascular Sequelae 
1. Blood Test, Biomarkers and Arteriosclerosis 

1.1 Blood Test 

1.1.1 Myocardial Ischemia, Myocardial Infarction (Table 6) 

a. Markers of Myocardial Cytoplasm 
i. CK, CK-MB 

Creatine kinase (CK) and CK-myocardial band (MB) levels increase in 4~6 hours 
after the onset of myocardial infarction and decrease to normal levels in 2~3 days. 
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Table 6 Blood Biochemical Markers of Acute Myocardial Infarction (AMI) 


Marker 

Strengths 

Weaknesses 

Clinical use 

CK-MB 

- Rapid and accurate 
test 

- Low myocardial 
specificity (specificity 
for AMI is low in patients 
with musculoskeletal 
disorder) 

- CK-MB is one of the 
principle biochemical 
markers, and can be 
used as a standard test in 
almost all institutions 

- Reinfarction can be 
detected promptly 

- Low detection rate within 

6 hours after onset 

Myoglobin 

- Detectable 1~2 hours 
immediately after 
onset 

- Poor myocardial 
specificity 

- Due to poor myocardial 
specificity, AMI cannot 
be diagnosed with 
myoglobin alone 

- Highly sensitive 

- Because the level returns 
to normal in 1-2 days 
after onset, it cannot be 
detected in patients who 
present late after AMI 

- Reperfusion can be 
detected 

H-FABP 

- Detectable 1~2 hours 
immediately after 
onset 

- Rapid test kits are avail- 
able. It is highly sensitive 
during the early diagno- 
sis, but its specificity is 
relatively low 

- Rapid test kits are 
available throughout 
Japan and useful in 
early diagnosis 

- Infarct size can be 
estimated 

- Reperfusion can be 
detected 

TnT 

- Highly sensitive and 
highly specific 

- Sensitivity is low within 

6 hours after onset (Retest 
8-12 hours after onset) 

- Rapid test kits are 
available throughout 
Japan, and TnT is a 
principle biochemical 
marker 

- Diagnosis is possible 
8-12 hours after 

onset 

- Sensitivity to late-onset 
small reinfarction is low 

- Diagnosis is possible 
when testing is 
performed in the first 

2 weeks after onset 

- Prompt diagnosis is 
possible with rapid 
test kits 

- Reperfusion can be 
detected 

MLC 

- Detectable 4-6 hours 
after onset 

- Sensitivity is relatively 
low 

- Rapid diagnostic tests 
are not available 

- Diagnosis is possible 
when testing in the 
first 2 weeks after 

onset 

- MLC is excreted renally 
and may be abnormal in 
patients with renal failure 


CK-MB, creatine kinase-myocardial band; H-FABP, heart-type fatty acid-binding protein; MLC, 
myosin light chain; TnT, troponin T. 
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The CK and CK-MB levels correlate well with the volume of myocardial necrosis. 
CK-MB is also a useful indicator of myocardial reperfusion and reinfarction 58 *. 
Increases in CK-MB2 and MB2/MB1 ratio may be detected within 4 hours after the 
onset of myocardial infarction 59 *. 


ii. Myoglobin 

Myoglobin levels increase in 1~2 hours after the onset of myocardial infarction, 
reach their peak in about 10 hours, and decrease to a normal level in 1~2 days. 
Myoglobin is useful in early diagnosis of myocardial infarction, and is also a good 
indicator of reperfusion 581 . However, it is not specific to myocardium. 


iii. Heart-Type Fatty Acid-Binding Protein 

Heart-type fatty acid-binding protein (H-FABP) increases in 1~2 hours after the 
onset of myocardial injury, and is useful in early diagnosis of myocardial infarction, 
estimating infarct size, and detecting reperfusion 58 *. The cut-off level for the 
diagnosis of myocardial infarction is 6.2ng/mL 60 ’. 


b. Markers of Myocardial Structural Proteins 
i. Myocardial Troponin T and I 

Myocardial troponin T and I (TnT and Tnl) are specific to myocardium, and reach 
peak levels at 12-18 hours and 90-120 hours after the onset of myocardial 
infarction. These may be used as markers of reperfusion. TnT is highly sensitive 
and specific in detecting the onset of myocardial infarction, and is useful in the 
diagnosis and prognosis assessment of non-ST elevation myocardial infarction 
58 ' 61 ’. In whole-blood rapid assay for TnT, a positive test is defined as >0. lOng/mL 
62) . When a negative result is obtained within 6 hours after the onset of symptoms, 
the test should be repeated 8-12 hours after onset. 


ii. Myosin Light Chain 

The plasma myosin light chain (MLC) level reflects the process of myofibrillar 
necrosis. MLC is detected in blood in 4-6 hours after the onset of myocardial 
infarction, reaches a peak level in 2-5 days, and maintains high levels for 7-14 
days. MLC1 and MLC2 tests are available, but only the MLC1 test is covered with 
the national health insurance in Japan. The cut-off level for acute myocardial 
infarction (AMI) is 2.5ng/mL. The peak MLC1 level reflects infarct size, and a 
result of >20ng/mL is defined as major infarction 63 *. 

The above-described features of individual markers indicate that myoglobin and 
H-FABP are useful in detecting early-phase myocardial infarction, and CK-MB and 
TnT are beneficial in diagnosing myocardial infarction >6 hours after onset. 
Primary markers for AMI are CK-MB and TnT (Table 6). 
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c. Inflammatory Proteins 
i. High-Sensitive CRP 

High-sensitive CRP is used as an indicator of the presence of coronary arterioscle- 
rotic lesions 64 *, and it has been reported that elevation of high- sensitive CRP is 
observed in some patients with late-onset coronary sequelae in Kawasaki disease 
such as coronary artery lesions and myocardial injury 65 ’ 66 ’. Elevation of high- 
sensitive CRP has been reported among patients without coronary sequelae after an 
average of 8 years after the onset of Kawasaki disease, suggesting that low-grade 
inflammation continues after healing of Kawasaki disease 67 ’. 


ii. Serum Amyloid A Protein 

It has been reported that serum amyloid A protein increases during the acute phase 
of Kawasaki disease. It has been reported that the serum amyloid A protein level 
remains high even during the remote phase, which suggests the presence of 
continued inflammation 65 ’. 


1.1.2 Arteriosclerosis 

A diagnosis of arteriosclerosis should be made after the presence of dyslipidemia 
and insulin resistance is confirmed. It has been reported that coronary arterioscle- 
rosis as part of metabolic syndrome may develop even during childhood 68 ’. 
Researchers are now investigating whether a history of Kawasaki disease and/or 
coronary artery lesions is a risk factor for the development of arteriosclerosis in 
children. 


a. Dyslipidemia (Table 7 f 9) 
i. Total Cholesterol 

In adults, a total cholesterol (TC) level of <200mg/dL is normal, 200~219mg/dL is 
borderline, and >220mg/dL is abnormal 70 ’. 


Table 7 Criteria for 
Diagnosis of Dyslipidemia 
during Childhood (Based on 
Fasting Blood Samples) 


Total cholesterol 

Normal: <190mg/dL 


Borderline: 190-2 19mg/dL 


Abnormal: >220mg/dL 

LDL cholesterol 

Normal: <110mg/dL 


Borderline : 110-1 39mg/dL 


Abnormal: >140mg/dL 

HDL cholesterol 

Cut-off value: 40mg/dL 

Triglycerides 

Cut-off value: 140mg/dL 


HDL, high density lipoprotein; LDL, low density lipoprotein. 
Source: Okada T, et al. Pediatr Int 2002; 44: 596-601 69 ’. 
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ii. Serum Low Density Lipoprotein Cholesterol 

In adults a serum low density lipoprotein cholesterol (LDL-C) level of <120mg/dL 
is normal, 120~139mg/dL is borderline, and >140mg/dL is abnormal 70 ’. 


iii. Serum High Density Lipoprotein Cholesterol 

High density lipoprotein cholesterol (HDL-C) prevents arteriosclerosis, and low 
serum HDL-C levels represent a high risk of arteriosclerosis. In adults, a serum 
HDL-C level of >40mg/dL is normal, and <40mg/dL is defined as hypo HDL 
cholesterolemia 71 *. Low serum HDL-C levels associated with Kawasaki disease are 
observed not only during the acute phase, but also among patients with coronary 
artery lesions in the remote phase 72 ’. 


iv. Serum Triglycerides 

It is known that hypertriglyceridemia promotes the progression of arteriosclerosis. 
In adults, a serum triglyceride (TG) level of >150mg/dL is defined as 
hypertriglyceridemia 70 *. 


b. Homocysteine 

Hyperhomocysteinemia is an independent risk factor for arteriosclerotic disorders 
such as cerebral infarction and myocardial infarction 7 ’*. The reference value of 
plasma homocysteine level is 8.2~16.9pmol/L in men and 6.4~12.2pmol/L in 
women. Plasma homocysteine levels in women increase after menopause 74 ’. 


c. Criteria for Diagnosis of Metabolic Syndrome in Children 

Table 8 shows the criteria for diagnosis of metabolic syndrome in children in 
Japan 75 ’. 


d. Children in the Remote Phase of Kawasaki Disease 

It has been reported that TC and apolipoprotein B levels are higher in individuals 
who had Kawasaki disease 7~20 years ago than the control group. Children in the 
remote phase of Kawasaki disease should be observed carefully for the progression 
of arteriosclerosis 71 ’. 


e. Adults in the Remote Phase of Kawasaki Disease 

Table 9 shows the reference values for markers of dyslipidemia in Japanese 
adults 70 ’. Adults with a history of Kawasaki disease should be instructed to 
maintain a healthy lifestyle to keep lipid levels within normal ranges 71 ’. 
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Table 8 Criteria for Diagnosis of Metabolic Syndrome in Japanese Children 6~15 Years of Age 
(Final Draft In 2006) 


Children meeting (1) and at least 2 of items (2)~(4) should be diagnosed with metabolic 
syndrome. 


(1) 

Abdominal girth >80cm* 

(2) 

Serum lipid 


Triglyceride >120mg/dL and/or HDL cholesterol <40mg/dL 

(3) 

Blood pressure 


Systolic pressure >125mmHg and/or diastolic pressure >70mmHg 

(4) 

Fasting blood glucose >100mg/dL 


*: Children with an waist-to-height ratio of >0.5 fulfill item (1). In elementary school children 
(6~12 years of age), those with an abdominal girth of >75cm should be considered to fulfill item 
(1). 

HDL, high density lipoprotein. 

Adapted from Ohzeki T, et al. A cohort study to establish the concept, pathophysiology, and 
diagnostic criteria of metabolic syndrome in children and design effective interventions: A final 
report in 2005-2007. 2008: 89-91 75) . 


Table 9 Criteria for Management of Hyperlipidemia in Adult Japanese for the Prevention and 
Treatment of Coronary Artery Disease 


Hypercholesterolemia 

Total cholesterol 

>220mg/dL 

Hyper LDL cholesterolemia 

LDL cholesterol 

> 140mg/dL 

Hypo HDL cholesterolemia 

HDL cholesterol 

<40mg/dL 

Hypertriglyceridemia 

Triglyceride 

>150mg/dL 


HDL, high density lipoprotein; LDL, low density lipoprotein. 

Adapted from Japan Atherosclerosis Society (JAS) Guidelines for Diagnosis and Treatment of 
Atherosclerotic Cardiovascular Diseases, 2002. 2002: 5-7 70) . 


2. Physiological Examinations 

2.1 Electrocardiography at Rest 

According to “Diagnostic Guidelines of Kawasaki Disease (MCLS: Infantile Acute 
Febrile Mucocutaneous Lymph Node Syndrome)’’ (See Table 3), during the acute 
phase of Kawasaki disease, the electrocardiography (ECG) may show prolonged 
PR interval, deep Q waves, prolonged QT interval, low voltage, ST-T changes, 
arrhythmias, and among other findings suggestive of myocardial injury and abnor- 
mal repolarization 5 ' 76 ’. ECG should be monitored continuously for these changes 

77 ) 

It has been reported that QT interval during the acute phase does not clearly 
correlate with the development of coronary artery lesions 78 '; the suggestion that 
there are relationships between T waveforms and the presence of myocarditis, 
coronary arteritis, and left ventricular wall movement 79 '; and the suggestion that 
there is a relationship between QT dispersion and coronary artery lesions 80-82 '. 
Premature ventricular contractions (PVCs) are often observed, and the incidence of 
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PVCs does not differ between patients with and without coronary artery lesions 
unless coronary stenosis or occlusion is present 8 ^’. When myocardial infarction 
occurs in patients with giant aneurysms, ST-T changes and abnormal Q waves that 
are consistent with the lesion of infarction are observed 84 *. 


2.2 Holter ECG 

Holter ECG recording is worthwhile in patients complaining of chest pain, chest 
discomfort, and/or palpitations. Patients with stenosis or giant aneurysms should 
undergo Holter ECG recording at least once even though it has been reported that 
the risk of serious arrhythmia and ischemic changes during remote phase is low 
among those with normal coronary arteries and those who experienced transient 
coronary artery lesions during the acute phase 83 '. 


2.3 Stress ECG 

2.3.1 Exercise ECG 

a. Double or Triple Master’s Two-Step Test 

Although benefits of exercise ECG have been reported, it cannot detect abnormal 
findings in patients without severe ischemia. 


b. Treadmill Test and Ergometer Stress Test 

Treadmill test and ergometer stress test can be administered to school-age or older 
children, though their sensitivity in detecting ischemic findings is less than that of 
myocardial scintigraphy. It has therefore been recommended that pharmacological 
stress be added to increase the rate of detection, or that signal-averaged ECG 
be used. 

Treadmill test and ergometer stress test may detect coronary stenosis in some 
patients. A decrease in coronary reserve due to coronary microcirculation disorder 
is suspected in patients who have no detectable coronary stenosis but show ST 
depression during exercise ECG and those with perfusion defect in myocardial 
scintigraphy 85 ’. 


2.3.2 Pharmacological Stress Test and Body Surface Potential Mapping 

It has been reported that dipyridamole stress tests using body surface potential 
mapping is highly sensitive and specific to the presence of ischemia, and is a useful 
method in diagnosing myocardial ischemia in patients including young children 86 '. 
Also, dobutamine stress test using body surface potential mapping is superior to 
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treadmill test in terms of the sensitivity and specificity for myocardial ischemia, and 
is reported useful in children 87 ' 88 ’. Although magnetocardiography may detect 
myocardial ischemia 89 - 1 , this is available only in a limited number of institutions. 


2.3.3 Electrophysiological Tests 

Life-threatening ventricular arrhythmias may develop in a small number of patients 
with a history of Kawasaki disease. Studies of patients with cardiovascular sequelae 
in Kawasaki disease who underwent electrophysiological evaluation 9 " 1 have 
revealed that the prevalence of abnormal sinus or atrioventricular nodal function 
is significantly higher in patients with cardiac sequelae than in those without them, 
although the findings of abnormal nodal function were not consistent with the 
presence of coronary stenosis/occlusion, and are believed to result from myocardi- 
tis or abnormal microcirculation in the conducting system. 


2.4 Signal-Averaged ECG 

During the acute phase, filtered QRS duration changes by >10% 91 ’. It has been 
reported that myocardial depolarization becomes inhomogeneous but this change is 
reversible 92 ’. It also has been reported that RMS40 during remote phase is signif- 
icantly lower in patients with coronary artery lesions than without them, and 
RMS40 is useful as a predictor of ventricular arrhythmias 93 ’. Signal-averaged 
ECG is considered highly sensitive for myocarditis due to Kawasaki disease in 
any phase 94 ’. Patients with coronary dilatation with and without stenosis during the 
acute phase contain a larger proportion of high frequency components, suggesting 
the presence of myocardial involvement 95 ’. The presence of late ventricular poten- 
tials evaluated by criteria with an adjustment to body surface area is highly specific 
for ischemia and previous myocardial infarction 96 ’. Dobutamine stress test may 
improve the detection of these findings in children who cannot undergo exercise 
stress test 97 ’. 


2.5 Summary of Physiological Examinations 

Table 10 summarizes the physiological examinations commonly used for 
patients with Kawasaki disease and their rates of detection of cardiac complications 

81 , 84 , 87 , 96 , 9 7 ) 

Because ECG at rest is not sensitive in detecting ischemic lesions in patients in 
the remote phase of Kawasaki disease, exercise or pharmacological stress tests 
should be used. Imaging should also be performed to assess ischemic lesions more 
accurately. Holter ECG and signal-averaged ECG should be performed to assess for 
ventricular arrhythmia even in patients without ischemic lesions. 
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Table 10 Detection of Cardiac Complications by Common Physiological Examinations 


Investigators 

Examination 

Target 

disease 

Criteria 

N 

Sensitivity 

Specificity 

Osada M, 
et al 81) 

QT dispersion 

Coronary 

artery 

lesions 

QT 

>60ms 

56 

100% 

(6/6) 

92% 

Nakanishi T, 
et al 84) 

12-lead ECG 

Inferior 

wall 

infarction 

deep Q 
in H, 

III, aVF 

7 

86% 

97% 

Anterior 

wall 

infarction 

deep 
wide Q 
in Vl~6 

8 

75% 

99% 

Lateral wall 
infarction 

deep Q 

ini, 

aVL 

7 

57% 

100% 

Ogawa S, 
et al 96) 

Signal-averaged 

ECG 

Myocardial 

ischemia 

LP 

positive 

198 

69.2% 

93.5% 

Genma Y, 
et al 97) 

Dobutamine stress 
signal-averaged 

ECG 

Myocardial 

ischemia 

LP 

positive 

85 

87.5% 

94.2% 

Takechi N, 
et al 87) 

Dobutamine stress 
body surface poten- 
tial mapping 

Myocardial 

ischemia 

nST >1 

115 

94.1% 

98.9% 

I map 
<4 

115 

41.7% 

96.9% 


ECG, electrocardiography: I map, isopotential map; LP, late potential; nST, non-stress test. 


3. Diagnostic Imaging 

3.1 Chest X-Ray 

3.1.1 X-Ray Finding of Calcified Coronary Aneurysms 

Pathological investigation has revealed that calcification of aneurysms occurs on 
day 40 after onset or later 98 *, but becomes detectable with a chest X-ray 1~6 years 
after onset 99 ’. Observation should be made with frontal and lateral projections. 


3.1.2 Cardiac Dysfunction Due to Previous Myocardial Infarction 
and Enlarged Heart Shadow Due to Valvular Diseases 

An enlarged heart shadow is observed in patients with cardiac dysfunction due to 
previous myocardial infarction, and in patients with volume overload caused by 
mitral or aortic insufficiency. 
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3.2 Echocardiography 

3.2.1 Echocardiography at Rest 


A technique proposed by Fuse et al. has been used to perform coronary echocardi- 
ography and determine the intimal diameter of coronary arteries in children l<,<), . 
This technique is useful to follow up coronary dilatation 101 ' 1021 and thrombi in 
coronary aneurysms 103 '. Three-dimensional (3D) echocardiography is useful in 
visualizing the right coronary artery and the circumflex artery, and in visualizing 
mural thrombi in coronary aneurysms 104 '. Echocardiography is the most useful 
method for evaluation of deterioration of cardiac function due to myocardial injury 
and the severity of valvular disease 105 '. Detailed reports have been published on 
evaluation of myocardial injury during the acute phase using tissue Doppler 
imaging 106 '. 


3.2.2 Stress Echocardiography 

Stress echocardiography, especially dobutamine stress echocardiography, has been 
established as a diagnostic method for ischemic heart diseases 107 '. It is also a useful 
noninvasive method to diagnose and follow up myocardial ischemia due to Kawa- 
saki disease. 


3.2.3 Myocardial Contrast Echocardiography 

The ability of myocardial contrast echocardiography has increased to the level 
comparable to that of myocardial scintigraphy due to the development and advance- 
ment of intravenous contrast agents and the advancement of echocardiography 
systems 108 '. 


3.3 Radionuclide Imaging 

In order to ensure the lowest possible radioactive exposure to children, technetium 
(Tc)-labeled myocardial perfusion agents (e.g., Tc-99m sestamibi, and Tc-99m 
tetrofosmin) are commonly used 109 ' 11( ". Stress myocardial single photon emission 
computed tomography (SPECT) is an important method of diagnosis for coronary 
stenotic lesions due to Kawasaki disease, and pharmacological stress SPECT is 
commonly performed for children who cannot undergo exercise stress SPECT 
111_116) . When myocardial ischemia is detected in patients without coronary steno- 
ses and there is a false positive result of myocardial perfusion imaging, the presence 
of coronary microcirculation disorder is suspected 85 ’. The availability of 3D auto- 
matic quantitative analysis of ECG-gated myocardial perfusion SPECT 
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(quantitative gated SPECT, QGS) 1171 has allowed physicians to assess for post- 
ischemic myocardial stunning 1 18) and the viability of infarcted myocardium in 
patients with severe coronary artery lesions due to Kawasaki disease 119 ' I20> . 


3.3.1 Tc-Labeled Myocardial Perfusion Scintigraphy 

Tc-labeled myocardial perfusion scintigraphy is performed under stress at a dose of 
lOMBq/kg (maximum 370MBq, lOmCi), and the second dose is administered 2~3 
hours after the first administration at 2~3 times the first dose (maximum 740MBq, 
20mCi) I21) . To obtain clear images, physicians should (1) exercise special caution 
in avoiding body movement by children during imaging and repeating the imaging 
when excessive body movement occurs, (2) continue the maximum stress for at 
least one minute after administration of perfusion agents under stress, (3) promote 
elimination of perfusion agents from the liver by eating egg products or cocoa, or 
obtaining images at least 30 minutes after administration of perfusion agents; 
(4) have the patient maintain the Monzen position (raising the left arm) throughout 
the procedure to reduce the influence of scattered rays from the liver to the heart 1221 ; 
and (5) give the patient soda immediately before the imaging to expand the stomach 
and reduce the influence of scattered rays from the intestine. 


3.3.2 Pharmacological Stress Myocardial Perfusion Scintigraphy 

Figure 3 illustrates the outline of pharmacological stress myocardial perfusion 
scintigraphy ’ ’ . In Japan, adenosine has been approved as a nuclear 

medicine agent, and it is expected that pharmacological stress myocardial perfusion 
scintigraphy using adenosine will be a common imaging method. Adenosine should 
not be administered with dipyridamole, which potentiates the action of adenosine. 
Adenosine may induce asthmatic attacks, but the half-life of adenosine is short and 
most of the adverse reactions disappear after discontinuation of the drug 1241 . 


3.3.3 Appropriate Doses of Nuclear Medicine Agents 

The Guidelines for Drug Therapy in Pediatric Patients with Cardiovascular Dis- 
eases proposed by the Japanese Circulation Society recommend that the dose of 
nuclear medicine agents for children should be calculated using a formula of “[adult 
dose]x(years of age+l)/(years of age+7)” 125 ' 126) , while the Committee on Appro- 
priate Use of Nuclear Medicine in Children of the Japanese Society of Nuclear 
Medicine recommends to determine appropriate doses of agents on the basis of the 
“dosage card” proposed by the European Association of Nuclear Medicine 127 ' 128) . 
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Figure 3 Administration of drugs during myocardial perfusion scintigraphy. ATP, adenosine 
triphosphate; iv, intravenous. 


3.4 Coronary CT and MRCA 

3.4.1 Contrast Coronary CT Angiography (MDCT) 

Although usefulness of multi-detector row computed tomography (MDCT) in 
patients with Kawasaki disease has been reported 129 ’, it has drawbacks such as 
extensive radiation exposure, use of contrast media, and use of p-blockers to control 
heart rate. However, these drawbacks are being overcome with measures such as 
decreasing radiation dose to 80kV in infants and young children, and administering 
contrast media at low or intermediate doses 130 ’. 

MDCT has a limitation for visualizing the coronary lumen in segments with 
calcification, because calcifications cause partial volume effects 1311 . It has been 
reported that the detection rate of stenotic lesions is higher in MDCT than in 
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magnetic resonance coronary angiography (MRCA) 132, 133) . MDCT is superior to 
MRCA in terms of spatial resolution, image quality, imaging time, and ease of 
operation. Also, MDCT is useful in visualizing collateral flows that are character- 
istics to Kawasaki disease. 


3.4.2 MRCA 

MRCA can be repeatedly performed from the acute phase of Kawasaki 
disease, because this imaging technique requires neither X-ray exposure nor 
contrast media, and is useful in screening for mild coronary artery lesions and 
intimal hyperplasia 134) . Because MRCA can be performed during spontaneous 
breathing without controlling of the heart rate, infants and young children may 
undergo it during sleep 135) . There are two imaging techniques of MRCA, the 
bright blood technique [steady-state free precession (SSFP)] which indicates 
blood flow as white, and the black blood technique 1 ’ 6, 137) , which indicates 
blood flow as black and occlusions and intimal hyperplasia as gray. MRCA 
is superior to MDCT as a method to observe thrombi and intimal hyperplasia. 
Technical expertise is needed to obtain accurate images, and it takes considerable 
time to create coronary images from data. 


3.4.3 Magnetic Resonance Myocardial Imaging 

Cine magnetic resonance imaging (MRI) is performed using SSFP without 
contrast media to acquire images from the left ventricular short axis view, 
long axis view, and four-chamber view to observe ventricular wall motion, 
and perfusion MRI is performed after infusion of gadolinium-based contrast 
media to evaluate the severity of myocardial ischemia by observing the first 
pass of contrast media in the myocardium during ATP stress and at rest from 
the left ventricular short axis view 1381 . 

Delayed-contrast enhanced MRI can visualize the extent and depth of 
subendocardial infarct lesions by obtaining images 15 minutes after the adminis- 
tration of contrast media with a sequence using T1 -weighted gradient echo with 
myocardial T1 signal suppression. This technique can visualize subendocardial 
infarct lesions and small infarct lesions in the right ventricle. Because the preva- 
lences of occlusions and recanalization of the right coronary artery are especially 
high in patients with Kawasaki disease, precise evaluation of the right ventricular 
myocardium is important 1 ’ 91 . 
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4. Cardiac Catheterization 

4.1 CAG 

4.1.1 Indications 

a. Evaluation of Severity of Coronary Artery Lesions and Patient Follow-Up 

Although in the case of adults CAG is indicated for those who exhibit findings of 
myocardial ischemia, it is recommended for patients with Kawasaki disease that 
CAG should be performed in those with medium or giant aneurysms during the 
convalescent phase or later to monitor for the development or progression of 
localized stenosis, because myocardial ischemia due to Kawasaki disease cannot 
be fully detected with other types of examinations and myocardial ischemia may 
manifest as sudden death 140 ' 141) . The severity classification of cardiovascular 
lesions due to Kawasaki disease (Table 4) is based on the findings of CAG. 


b. CAG before and after PCI 

CAG is is required before percutaneous coronary intervention (PCI) to determine 
whether PCI is indicated, during angioplasty to ensure safe and effective interven- 
tion, and after angioplasty to evaluate the results of PCI and follow up patients 

113 , 142 . 143 ) 


c. Intracoronary Thrombolysis 

Thrombi in coronary aneurysms may sometimes be observed during follow-up of 
medium to giant aneurysms with echocardiography. In such cases, cardiac cathe- 
terization and CAG are performed for intracoronary thrombolysis (ICT). 


4.1.2 Coronary Artery Lesions Indicated for CAG 
a. Dilatation Lesions 

The severity classification of cardiovascular lesions due to Kawasaki disease 
(Table 4), aneurysms with an internal diameter of <4mm are defined as small 
aneurysms, those with from >4mm to <8mm as medium aneurysms, and those with 
>8mm as giant aneurysms. In patients with aneurysms classified as medium or 
giant, it is desirable to perform CAG during the early part of the convalescent phase 
for detailed evaluation of the morphology and extent of coronary artery lesions and 
to specify the methods and duration of follow-up and treatment strategies. Because 
serious localized stenoses may develop in patients with giant aneurysms in whom 
examinations have not detected any findings of myocardial ischemia, such patients 
should undergo CAG every few years 141- 144) . However, as precise evaluation of 
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coronary stenotic lesions is feasible with MRCA and MDCT, it is expected that in 
the future it will be possible to omit catheterization for the diagnosis of coronary 
stenotic lesions in some patients 135 ' 145) . 

Because the development of stenosis after regression of not only large aneu- 
rysms but also smaller ones 1461 and the development of arteriosclerotic degenera- 
tion 311 1471 have been observed in patients over 10 years after the onset of Kawasaki 
disease, patients should be followed for a long period of time using coronary 
imaging techniques such as MRCA and MDCT if follow-up CAG is not feasible. 


b. Localized Stenosis 

During the remote phase, progressive localized stenosis develop mainly in the inlet 
and outlet of aneurysms. Multi-directional imaging is required to evaluate stenotic 
lesions. A significant stenosis is defined as a >75% stenosis in lumen diameter in 
the major coronary arteries and a >50% stenosis in lumen diameter in the left main 
coronary trunk. Patients with significant stenosis should be followed with angiog- 
raphy 141 ' 1481 or other imaging techniques such as MRCA 1351 , MDCT 129, 1451 at 
appropriate intervals based on the speed of progression of the stenosis (from 
6 months to several years), even when no signs/symptoms of myocardial ischemia 
are present, and should be considered for aggressive treatment such as CABG 1491 
and PCI 113 ’ based on the results of the above-described follow-up imaging as well 
as the results of other studies such as myocardial scintigraphy 1501 , exercise ECG, 
and evaluation of CFR. 


c. Occlusion 

Complete occlusion of a coronary artery is observed in about 16% of patients with 
coronary artery lesions, and 78% of occlusions are visualized with imaging within 
2 years after the onset of Kawasaki disease 1411 . It is not uncommon to find coronary 
occlusive lesions in asymptomatic patients for the first time on routine follow-up 
imaging. Collateral flows are visualized during angiography in all patients with 
coronary occlusion. The presence of a well-developed collateral circulation, for 
which the patient often shows no ischemic findings, is a characteristic feature of 
occlusive lesions due to Kawasaki disease. Because the extent of collateral flow and 
growth/development of recanalized vessels differ among individuals and depend on 
the time after occlusion and cause of occlusion (thrombi vs. intimal hyperplasia), 
follow-up angiography is required 1511 . 


4.2 Cardiac Function Test 

Cardiac function is evaluated by determining ventricular pressure, cardiac output, 
ventricular volume, ejection fraction (EF), and/or other parameters. 
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4.3 Intravascular Ultrasound 

4.3.1 Morphological Evaluation of Coronary Artery Lesions 

Intravascular ultrasound (IVUS) is used to evaluate the severity of intimal hyper- 
plasia, presence/absence of thrombi or calcification, and the severity of luminal 
narrowing. Severe intimal hyperplasia is observed not only in lesions of localized 
stenosis but also in aneurysms that have regressed. Intimal narrowing and calcifi- 
cation not detected with angiography may be visualized with IVUS. It has been 
found that obvious intimal hyperplasia may develop during the remote phase in 
aneurysms with an internal diameter during the acute phase of >4mm 25 ’. Evalua- 
tion of lesions, and especially quantitative evaluation of calcified lesions with 
IVUS, is required when the means to be used for PCI are selected 143 ' l52 ‘ 153) . 


4.3.2 Coronary Arterial Vasodilator Function 

It has been reported that the absence of coronary vasodilatation in the coronary 
artery wall following administration of isosorbide dinitrate (ISDN) or acetylcholine 
suggests the presence of chronic intimal dysfunction in patients with Kawasaki 
disease 37 ' 147 ' I48) . However, because evaluation of coronary arterial vasodilator 
function may induce coronary spasm or other adverse reactions, its potential 
benefits and risks should be carefully weighed before it is performed. 


5. Summary of Examinations and Diagnosis ( Table 11) 

Patients with Class III-V severity of coronary artery lesions should undergo 
examinations listed in Table 11 periodically to follow these lesions over time. As 
the most clinically significant cardiovascular sequelae in Kawasaki disease include 
coronary stenosis, thrombogenesis in coronary aneurysms, myocardial ischemia, 
myocardial infarction, vascular endothelial dysfunction, and early progression of 
arteriosclerosis, and these lesions may develop and progress over time in a consid- 
erable number of asymptomatic patients, patients should be followed and evaluated 
periodically. Recently, MRCA and MDCT have become commonly used as non- 
invasive methods to delineate coronary artery lesions accurately, and are expected 
to reduce the mental and physical burden on patients by minimizing the use of 
invasive catheterization. When these examinations reveal that the lesions have 
progressed to the point that they require interventions such as PCI and CABG, 
coronary hemodynamics should also be assessed using stress myocardial perfusion 
imaging and cardiac catheterization using Doppler flow wire and pressure wire to 
select appropriate treatment methods. 
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Table 11 Indications of Imaging Techniques by Severity Classification of Coronary Artery 
Lesions due to Kawasaki Disease 


Blood Test (biomarkers for myocardial ischemia, myocardial infarction, and arteriosclerosis) 


Severity classification IV, V 

Class I 

Severity classification I, II, III 

Class II 

None 

Class III 


Echocardiography at rest, 1 2-lead ECG 


Severity classification I, II, III, IV, V 

Class I 

None 

Class II 

None 

Class III 


Exercise ECG 


Severity classification III, IV, V 

Class I 

Severity classification I, II 

Class II 

None 

Class III 


Chest X-ray 


Severity classification III, IV, V 

Class I 

Severity classification I, II 

Class II 

None 

Class III 


Holter ECG, signal-averaged ECG 


Severity classification IV, V 

Class I 

Severity classification I, II, III 

Class II 

None 

Class III 


Body surface mapping, pharmacological stress ECG, magnetocardiography 


Severity classification IV, V 

Class I 

Severity classification I, II, III 

Class II 

None 

Class III 


Stress echocardiography, myocardial contrast echocardiography 


Severity classification IV, V 

Class I 

Severity classification I, II, III 

Class II 

None 

Class III 


MRCA, MDCT 


Severity classification IV, V 

Class I 

Severity classification I, II, III 

Class II 

None 

Class III 


Myocardial perfusion imaging, stress myocardial perfusion imaging 


Severity classification IV, V 

Class I 

Severity classification I, II, III 

Class II 

None 

Class III 


Cardiac catheterization 


Severity classification IV, V 

Class I 

Severity classification III 

Class II 

Severity classification I, II 

Class III 


ECG, electrocardiography; MDCT, multi-detector row computed tomography; MRCA, magnetic 
resonance coronary angiography. 
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IV. Treatment of Cardiovascular Sequelae 
1. Pharmacotherapy 
1.1 Treatment Policy 

In assessment of cases of death during the remote phase in patients with coronary 
artery lesions, the major cause of death has been found to be ischemic heart disease 
due to stenotic lesions resulting from coronary intimal hyperplasia or thrombotic 
occlusion 40 ' 154) . 

In general, treatment of myocardial ischemia is performed to: 

- Increase coronary blood flow 

- Prevent or relieve coronary spasm 

- Prevent the formation of thrombi 

- Decrease cardiac work 

- Protect myocardium 

- Prevent the remodeling of vessel walls 

The main purpose of treatment is to decrease the frequency and severity of chest 
pain attacks, prevent cardiac accidents, and improve the quality of life (QOL) of 
patients 1 ^’. Drugs used for this purpose include antiplatelet drugs, anticoagulant 
drugs, calcium channel blockers, nitrates, p-blockers, angiotensin converting 
enzyme (ACE) inhibitors, angiotensin II receptor blockers (ARBs) and statins 
(Table 12). 

Table 12 Guidelines for Long-Term Pharmacotherapy for Patients with Coronary Aneurysms or 
Dilatation due to Kawasaki Disease 

Patients without anginal symptoms 

- Patients without demonstrated ischemia: antiplatelet drugs 

- Patients with demonstrated ischemia: antiplatelet drugs+calcium channel blockers 
Patients with anginal symptoms 

In addition to antiplatelet drugs; 

- Patients with angina of effort: nitrates and/or calcium channel blockers. If treatment is 
ineffective, add p blockers. 

- Patients with angina at rest or during sleep: calcium channel blockers 

- Patients with angina at night: calcium channel blockers+nitrates, or+K-channel openers 
(nicorandil) 

Patients with cardiac dysfunction and those with valvular disease 

- Assess the severity of cardiac dysfunction, and use p-blockers, ACE inhibitors, ARBs and/or 
statins in addition to antianginal drugs. 

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker. 
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1.2 Pharmacotherapy of Vascular Disorders 

It has been reported that treatment with the ARB candesartan at a dose of 
0.2-0. 3mg/kg/day starting within a few days after detecting a coronary aneurysm 
was effective in preventing stenosis due to intimal hyperproliferation 156 ’. A recent 
study has reported that ARBs activate NAD(P)H oxidase, inhibit the expression of 
monocyte chemoattractant protein- 1 (MCP-I) and intercellular adhesion molecule 
1 (ICAM-1), and inhibit atherosclerotic changes 157 ’. It has also been reported that 
ARBs exert more potent antiatherosclerotic effects when used with statins. These 
findings suggest that ARBs may also be effective in preventing arteriosclerosis 
during the remote phase. 


1.3 Antiplatelet Drugs and Anticoagulant Drugs 

1.3.1 Antiplatelet Drugs (Table 13) 

Platelet count decreases slightly immediately after the onset of Kawasaki disease 
(acute phase), and increases during the convalescent phase. Since platelet aggrega- 
tion activity remains high during the first 3 months after onset and in some cases the 
first several months to 1 year after onset, it is preferable that patients with Kawasaki 
disease, including those without coronary sequelae, should be treated with 
antiplatelet drugs at low doses for about 3 months 158-1601 . 

On the other hand, patients with coronary aneurysm due to Kawasaki disease 
should receive antiplatelet drugs continuously to prevent ischemic heart disease and 
prevent the formation or growth of thrombi by platelet activation. This antiplatelet 
therapy may decrease the incidence of angina and myocardial infarction. Patients 
who develop AMI should continue treatment with antiplatelet drugs at low doses in 
combination with anticoagulant drugs from shortly after the onset of infarction until 
the infarct has healed. 


a. Dosage and Administration 

It is recommended that children should receive aspirin, a drug inhibiting secondary 
platelet aggregation, at a low dose (3~5mg/kg/day, once daily). As aspirin inhibits 
the production of prostacyclin (PGB), a combination of aspirin with other 
antiplatelet drugs at low doses may be considered for children. Dipyridamole 
(2~5mg/kg/day, divided into 3 doses) is expected to potentiate the effect of aspirin, 
but monotherapy of dipyridamole is not recommended. Ticlopidine is usually 
administered at a dose of 5~7mg/kg/day, divided into 2 doses, and requires careful 
observation for major adverse reactions. 
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Table 13 Antiplatelet Drugs and Anticoagulant Drugs 


Drug 

Dose 

Adverse drug reactions (ADRs) 
and precautions 

Acetylsalicylic acid 
(Bufferin® or 

Bay aspirin®) 

- 30~50mg/kg/day, divided into 

3 doses during the acute phase 

- Hepatic dysfunction, 
gastrointestinal ulcer, Reye 
syndrome (higher incidence 
at >40mg/kg/day), bronchial 
asthma 

- 3~5mg/kg/day, once daily after 
defervescence 

- Use other drugs during varicella 
infection and influenza. 

Flurbiprofen 

(Froben®) 

- 3~5mg/kg/day, divided into 

3 doses 

- Hepatic dysfunction, 
gastrointestinal ulcer 

- Use when severe hepatic 
disorder due to aspirin develops. 

Dipyridamole 

(Persantin®, 

Anginal®) 

- 2~5mg/kg/day, divided into 

3 doses 

- Coronary steal phenomenon, 
headache, dizziness, thrombo- 
cytopenia, hypersensitivity, 
dyspepsia 

- May induce angina in patients 
with severe coronary stenosis. 

Ticlopidine 

(Panaldine®) 

- 5~7mg/kg/day, divided into 

2 doses 

- Thrombotic thrombocytopenic 
purpura (TTP), leucopenia 
(granulocytopenia), serious 
hepatic dysfunction 

- Blood tests must be performed 
every other week during the first 

2 months of treatment. 

Clopidogrel (Plavix®) 

- lmg/kg/day, once daily 

- TTP, gastrointestinal symptoms, 
malaise, myalgia, headache, 
rash, purpura, pruritus 

- Bleeding tendency may develop 
when used with aspirin. 

Unfractionated hepa- 
rin (iv) Low- 
molecular-weight hep- 
arin (sc) 

- Loading dose 50 units/kg, 
maintenance dose 20 units/kg to 
maintain an APTT of 60~85sec 
(1. 5-2.5 times baseline) 

- Major ADRs: Shock/ 
anaphylactoid reaction, 
bleeding, thrombocytopenia, 
thrombocytopenia/thrombosis 
associated with heparin-induced 
thrombocytopenia 

- Infants < 1 2months of age 

Treatment: 3mg/kg/day, divided 
into 2 doses (every 12 hours) 

Prevention: 1.5mg/kg/day, as 
above 

- Children/adolescents 

Treatment: 2mg/kg/day, divided 
into 2 doses (every 12 hours) 

Prevention: lmg/kg/day, as 
above 

Warfarin (Warfarin®) 

- 0.05-0. 12mg/kg/day, once daily 
(0.05~0.34mg/kg/day in the 

AHA guidelines) 

- Dose should be adjusted to an 
INR of 2.0-2.5 and a 
thrombotest value of 10-25%. 


(continued) 
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Table 13 (continued) 


Drug 

Dose 

Adverse drug reactions (ADRs) 
and precautions 


- 3~7 days required to obtain 
efficacy 

- Sensitivity to this drug, hepatic 
dysfunction, and bleeding ADRs 
are possible. 



- The effect of warfarin may be 
reduced by barbiturates, ste- 
roids, rifampicin, bosentan 
hydrate, and vitamin K-rich 
foods such as natto, spinach, 
green vegetables, chlorella, and 
green juices. The effect of war- 
farin may be increased by chlo- 
ral hydrate, NSAIDs, 
amiodarone, statins, clopidogrel, 
ticlopidine, antitumor drugs, 
antibiotics, and antifungal drugs. 


The safety and efficacy of the above drugs have not been established in children. 

AHA, American Heart Association; APTT, activated partial thromboplastin time; INR, interna- 
tional normalized ratio; iv, intravenous; NSAIDs, nonsteroidal antiinflammatory drugs; sc, 
subcutaneous. 


b. Adverse Drug Reactions 

Aspirin may cause adverse drug reactions such as rash, bronchial asthma and 
hepatic dysfunction. Special care should be taken for bleeding complications. The 
use of aspirin should be avoided during epidemic of influenza or varicella as aspirin 
may cause Reye syndrome. Major adverse reactions to ticlopidine include agranu- 
locytosis, serious hepatic dysfunction, and thrombotic thrombocytopenic purpura. 


1.3.2 Anticoagulant Drugs (Table 13) 

Treatment with anticoagulant drugs in patients with Kawasaki disease shotdd be 
limited for those with medium or giant aneurysms, those with a history of AMI, and 
those with abrupt dilatation of a coronary artery associated with a thrombus-like 
echo, among other special cases. Warfarin is often used for these patients. Intrave- 
nous heparin should be used in combination with warfarin in emergency cases, and 
warfarin is used for long-term anticoagulation in patients with chronic conditions. 
Patients with giant aneurysms should receive a combination of aspirin and warfarin 
to prevent thrombotic occlusion of aneurysms 162, 163) . 


a. Dosage and Administration 

The maintenance dose of warfarin should be 0.05-0. 12mg/kg/day, once daily to 
achieve an international normalized ratio (INR) of 2. 0-2. 5, and should be adjusted 
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carefully to prevent bleeding tendency due to excessive warfarin therapy. The 
recommended dose of unfractionated heparin ranges from 18 units/kg/day for 
older children to 28 units/kg/day for infants. The activated partial thromboplastin 
time (APTT) should be maintained at between 60 and 85 seconds. 


b. Adverse Drug Reactions and Drug Interactions 

As warfarin may cause a severe bleeding tendency, patients should be evaluated 
carefully for symptoms of bleeding tendency during warfarin therapy. The effects 
of warfarin are reduced by vitamin K, and are potentiated by aspirin, chloral 
hydrate, and ticlopidine among other drugs. Vitamin K-rich foods such as natto, 
green and yellow vegetables, and chlorella reduce the effect of warfarin signifi- 
cantly. Adverse drug reactions to unfractionated heparin include bleeding, hepatic 
dysfunction, alopecia, and rash. 


1.4 Coronary Vasodilators and Antianginal Drugs (Table 14) 

1 .4. 1 Calcium Channel Blockers 

In patients with a history of Kawasaki disease, myocardial infarction may occur at 
rest or during sleep, which suggests the presence of coronary spasm 164 ' 165> . The 
addition of amlodipine, a long-acting calcium channel blocker, to the existing 
regimen may decrease the incidence of cardiovascular events in patients with 
angina or myocardial ischemia secondary to myocardial infarction. However, 
amlodipine should not be administered to patients with congestive heart failure 
and those with atrioventricular block. 


1.4.2 p-Blockers 

Among patients with Kawasaki disease, p-blockers may be administered to prevent 
reinfarction or sudden death in those with a history of myocardial infarction and to 
decrease long-term mortality. However, p-blockers may exacerbate already- 
existing coronary spasm by blocking p adrenergic receptors to thereby potentiate 
signaling via a adrenergic receptors. 


1 .4.3 Nitrates 

In a study of the effect of nitrates on coronary arteries in patients with a history of 
Kawasaki disease who received an intracoronary infusion of ISDN during CAG, the 
change in diameter after nitrate infusion was significantly lower in arteries with 
persistent aneurysms and arteries with regressed aneurysms than the control seg- 
ments, which suggested the presence of endothelial dysfunction. However, the 
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Table 14 Drugs for the Treatment of Angina, Heart Failure, and Ischemic Attacks 




Adverse drug reactions and 

Drug 

Dose 

precautions 


Drugs for angina 


Nifedipine 

(Adalat®) 

- 0.2~0.5mg/kg/dose, TID (available 
as 5 and lOmg capsules) 

- Hypotension, dizziness, 
headache 

- Adult dose: 30mg/day, divided into 

3 doses 

- Care is needed in patients with 
poor cardiac function. 

Slow-release nifed- 
ipine (Adalat-CR®, 
Adalat-L®) 

- 0.25~0.5mg/kg/day, OD or BID, 
maximum dose 3mg/kg/day (Tab- 
lets of Adalat-CR® 20mg, L® 
lOmg, and L® 20mg are available) 

Same as above 

- Adult dose: 40mg/kg, OD (Adalat- 
L® should be divided into 2 doses) 

Amlodipine 

(Norvasc®) 

- 0.1~0.3mg/kg/dose, OD or BID 
(maximum dose 0.6mg/kg/day) 

Same as above 

(Tablets of 2.5mg and 5mg are 
available) 

- Adult dose: 5mg/day, OD 

Diltiazem 

(Herbesser®) 

- 1.5~2mg/kg/day, TID (maximum 
dose 6mg/day) (30mg tablets) 

Same as above 

- Adult dose: 90mg/day divided into 

3 doses 


Drugs for heart failure 


Metoprolol 

(Seloken®) 

- Start at 0.1~0.2mg/kg/day, divided 
into 3~4 doses to titrate to 1 .Omg/ 
kg/day (40mg tablets) 

- Hypotension, cardiac dysfunc- 
tion, bradycardia, hypoglyce- 
mia, bronchial asthma 

- Adult dose: 60~120mg/day, 
divided into 2~3 doses 

Carvedilol 

(Artist®) 

- Start at 0.08mg/kg/day 

Same as above 

- Maintain at 0.46mg/kg/day 
(average) 

- Adult dose: 10~20mg/day, OD 

Enalapril 

(Renivace®) 

- 0.08mg/kg/dose, OD (Tablets of 
2.5mg and 5mg are available) 

- Hypotension, erythema, pro- 
teinuria, cough, hyperkalemia, 
hypersensitivity, edema 

- Adult dose: 5~10mg/day, OD 

Cilazapril 

(Inhibace®) 

- 0.02-0. 06mg/kg/day, divided into 

1-2 doses (lmg tablets) 

Same as above 

- Adult dose: Start at 0.5mg/day, OD 
and titrate 


(continued) 
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Table 14 (continued) 




Adverse drug reactions and 

Drug 

Dose 

precautions 


Drugs for angina 


Nitrates 


Isosorbide dinitrate 
(Nitorol®) 

- Sublingual: one-third~one-half tab- 
let/dose (5mg tablets) 

- Hypotension, headache, palpi- 
tations, dizziness, flushing 

- Oral: 0.5mg/kg/day, divided into 

3~4 doses 

- Adult dose: 1~2 tablets/dose 
(sublingual) 

- Frandol tape S® one-eighth- 1 
sheet 

- Adult dose: 1 sheet (40mg)/dose 

- Slow-release tablets (Nitrol-®R, 
Frandol® tablets) 0.5~lmg/kg/ 
dose 

- Adult dose: 2 tablets/day (20mg 
tablets) 

Nitroglycerin 

(Nitoropen®) 

- One-third~one-half tablet/dose sub- 
lingual (0.3mg tablets) 

Same as above 

- Adult dose: 1-2 tablets/dose 
(0.3mg tablets) 


The safety and efficacy of the above drugs have not been established in children. Doses should be 
determined according to the adult doses. 

BID, two times a day; OD, once daily; TID, three times a day. 


coronary vasodilative effects of nitrates are not expected to be beneficial in the 
treatment of acute ischemia due to severe coronary artery lesions. Sublingual or oral 
spray form of nitrates should be attempted in treating AMI 166 ' I67) . 


References 

The following guidelines were referred to in the preparation of recommendations 

for the treatment of patients with cardiovascular sequelae in Kawasaki disease. 
Guidelines proposed by the Japanese Circulation Society: 

• Guidelines for diagnostic evaluation of patients with chronic ischemic heart 
disease (JCS 2010) 168) 

• Guidelines for management of anticoagulant and antiplatelet therapy in cardio- 
vascular disease (JCS 2009) 169> 

• Guidelines for the primary prevention of ischemic heart disease revised version 
(JCS 2006) 170) 

• Guidelines for management of acute coronary syndrome without persistent ST 
segment elevation (JCS 2007) 171) 

• Guidelines for treatment of chronic heart failure (JCS 20 10) 1721 
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• Guidelines for treatment of acute heart failure (JCS 201 1) 173> 

Guidelines proposed by the Japanese Society of Pediatric Cardiology and Car- 
diac Surgery: 

• Guidelines for pharmacotherapy of heart failure in children 174 ’ 

Guidelines proposed by the American Heart Association (AHA)/American Col- 
lege of Cardiology (ACC): 

• Diagnosis, treatment, and long-term management of Kawasaki disease: a state- 
ment for health professionals from the Committee on Rheumatic Fever, Endo- 
carditis and Kawasaki Disease, Council on Cardiovascular Disease in the 
Young, American Heart Association 1731 

• AHA/ACC guidelines for secondary prevention for patients with coronary and 
other atherosclerotic vascular disease: 2006 update: endorsed by the National 
Heart, Lung, and Blood Institute 176 ’ 


1.5 Thrombolytic Therapy and Reperfusion Therapy (Table 15) 126) 

1.5.1 Thrombolytic Therapy 

Because AMI due to Kawasaki disease is mainly caused by thrombotic occlusion of 
coronary aneurysms, thrombolytic therapy is of great importance. The sooner 
thrombolytic therapy is initiated, the better the effect of therapy will be expected. 
The ACC/AHA/SCAI (Society for Cardiovascular Angiography and Interventions) 
guidelines recommend that thrombolytic therapy be performed within 12 hours 
after the onset of AMI l77,l) . 

There are no standard pediatric doses of the drugs used for thrombolytic therapy 
listed below. Thrombolytic drugs should thus be administered carefully on the basis 
of the condition of individual patients. It has been reported that the rate of 
recanalization is 70-80% after intravenous thrombolytic therapy, and may be 
increased by about 10% when intracoronary administration of thrombolytic drugs 
(urokinase [UK]) is added to intravenous therapy. Since thrombolytic therapy may 
be complicated by subcutaneous hemorrhage at the site of catheter insertion, 
cerebral hemorrhage, and reperfusion arrhythmia, patients should be carefully 
observed during and following thrombolytic therapy. As tissue plasminogen acti- 
vators (t-PAs) and pro-urokinase (pro-UK) are proteins and may induce anaphy- 
lactic shock, repeated administrations of these drugs should be avoided whenever 
possible. 
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Table 15 Thrombolytic Therapy for the Treatment of Thrombotic Occlusion of Coronary Aneu- 
rysms due to Kawasaki Disease 

Mechanism of action 

- Using an enzyme activating the fibrinolytic system to convert plasminogen on the clot into 
plasmin, which degrades fibrin to dissolve the clot. 

Indications 

- Dissolution of coronary clots in patients with acute myocardial infarction (within 12 hours 
after onset). 

- Dissolution of clots in coronary aneurysms due to Kawasaki disease. 

Drugs (drug classes) 

- First-generation thrombolytic drugs: Urokinase (U) 

- Second-generation thrombolytic drugs: Alteplase (A), a recombinant tissue plasminogen 
activator (t-PA) 

- Third-generation thrombolytic drugs: Monteplase (M), a modified recombinant t-PA. Indi- 
cated only in Japan. 

- Drugs indicated for children and adolescents in Japan: None. The safety and efficacy of the 
above drugs have not been established in this population. 

- Use in children: The safety and efficacy of the above drugs in the treatment of acute 
myocardial infarction in children have not been established. 

Method of administration 

- Administer intravenously. Consider intracoronary thrombolysis for patients not responding 
to intravenous thrombolysis. 

Doses 

Intravenous thrombolysis 

- Alteplase: 29.0~43.5x 10 4 units/kg (0.5~0.75mg/kg). Administer 10% of the total dose over 
1 ~2 minutes intravenously and infuse the remainder over 60 minutes (The recommended dose of 
alteplase is 0.1~0.6mg/kg/h for 6 hours in ACCP guidelines 177 *). 

- Monteplase: 2.75 x 10 4 units/kg. Administer intravenously over 2~3 minutes. 

- Urokinase: 1.0-1. 6xl0 4 units/kg. Administer intravenously over 30-60 minutes. 
Intracoronary thrombolysis 

- Urokinase: Administer at a dose of 0.4x 10 4 units/kg over 10 minutes. Administration may be 
repeated at most four times. 

Precautions for use during pregnancy and effects on fetuses 

- Fetal death occurred in animal studies (U, A, M). In rabbit studies, embryos and fetuses died 
at high doses. It has been suggested these drug may induce premature placental separation 
through their fibrinolytic activity. 

- Major adverse drug reactions: Major bleeding including cerebral hemorrhage, hemorrhagic 
cerebral infarction, arrhythmias, cardiac rupture, and anaphylactic reactions. 

- Thrombolytic drugs are relatively contraindicated for patients with cerebral infarction, 
transient cerebral ischemia, or other neurological disorders, and those with a history of 
hypertension. 

ACCP, American College of Chest Physicians. 

Adapted from Guidelines for Drug Therapy in Pediatric Patients with Cardiovascular Diseases 
(JCS 2012). Guidelines for Diagnosis and Treatment of Cardiovascular Diseases 2012: 89-301, 
with modification 1261 . 
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a. Intravenous Thrombolysis 

i. UK 

Infuse at a dose of 1.0~1.6x 10 4 units/kg (maximum dose 96 x 10 4 units) over 30-60 
minutes. 


ii. t-PAs 

- Alteplase (Activacin®, Grtpa®): 29.0-43.5 x 10 4 units/kg. Administer 10% of 
the total dose over 1-2 minutes intravenously and infuse the remainder over 
60 minutes. 

- Monteplase (Cleactor®): 2.75 x 10 4 units/kg. Administer intravenously over 2-3 
minutes. 

- Pamiteplase (Solinase®): 6.5 x 10 4 units/kg. Administer intravenously over 1 minute. 


b.ICT 

UK: Administer at a dose of 0.4x 10 4 units/kg over 10 minutes. Administration may 
be repeated at most four times. 


1.5.2 Antithrombotic Therapy during PCI 

In general, PCI is indicated for patients within < 12hours after onset. Stenting is the 
most prevalent PCI technique, and the combination of thrombolysis and stenting is 
also common. Early treatment with oral antiplatelet drugs (aspirin, clopidogrel 
[Plavix®], and cilostazol [Pletal®]) or intravenous heparin is promptly begun 
after PCI to prevent the development of in-stent thrombosis. 


1.6 Initial (Medical) Treatment for AMI 

1.6.1 General Treatment Policy 

The main purpose of treatment of AMI in children is, as in adult patients, to 
decrease mortality during the acute phase and improve long-term prognosis 
178-183) | t j las h een reported in adults that reperfusion therapy shortly after the onset 
of AMI decreases mortality. Since AMI in children with a history of Kawasaki 
disease is caused by thrombotic occlusion of the coronary arteries, it is essential to 
initiate thrombolytic therapy or PCI as soon as possible to achieve reperfusion, as in 
the case of AMI in adult patients 184 ' I85) . During the initial treatment immediately 
after arrival at the emergency department or admission to hospital, prompt diagno- 
sis and initial treatment should be performed to determine the treatment strategy for 
AMI and prepare for emergency CAG and reperfusion therapy. 
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1.6.2 Initial Treatment 

a. General Treatment 

i. Oxygen Therapy 

Oxygen is administered to control myocardial injury. 

ii. Establishment of Vascular Access 

More than one means of vascular access should be established to ensure prompt 
treatment of complications possibly associated with AMI. 

iii. Pain Control 

Morphine hydrochloride (0.1~0.2mg/kg) is the most effective agent, and should be 
slowly administered intravenously. 


iv. Nitrates 

Nitroglycerin should be administered intravenously or sublingually. 

v. Intravenous Heparin Therapy 

Use of heparin therapy prior to reperfusion therapy may increase the rate of 
recanalization. Heparin should be infused continuously at 10-20 units/kg/hr. 


vi. Treatment of Complications 

Complications of AMI such as heart failure, cardiogenic shock, and arrhythmia 
should be treated accordingly. 


b. Reperfusion Therapy 

Reperfusion therapy is performed to reopen the culprit coronary artery causing 
thrombotic occlusion shortly after onset in order to avoid the expansion of infarct 
lesion and maintain cardiac function. 


i. Intravenous Thrombolytic Therapy 

See Section 1.5.1. a on “Thrombolytic Therapy and Reperfusion Therapy”. 
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c. Anticoagulant Therapy and Antiplatelet Therapy to Prevent Recurrence of AMI 

i. Heparin 

Heparin should be infused intravenously at a dose of 200-400 units/kg/day, and the 
dose should be adjusted to maintain an APTT 1.5-2. 5 times the baseline value. 


ii. Warfarin 

Warfarin should be administered at a dose of 0. lmg/kg/day once daily, and the dose 
should be adjusted to maintain an INR of about 2.0-2. 5. 


iii. Aspirin 

Aspirin should be administered at a dose of 3-5 mg/kg/day once daily (maximum 
dose of lOOmg). 


2. Non-Pharmacotherapy 

2.1 Catheter-Based Therapy 

2.1.1 Indications for Catheter-Based Therapy 

The following patients are indicated for catheter-based therapy: 

1. Patients with ischemic symptoms caused by coronary stenosis in whom CAG 
revealed significant stenosis (>75% luminal diameter). 

2. Patients in whom CAG revealed significant stenosis (>75% luminal diameter), 
and have no ischemic symptoms during activities of daily living but show 
ischemic findings during exercise ECG, exercise stress myocardial perfusion 
scintigraphy, pharmacological stress myocardial perfusion scintigraphy, or other 
appropriate examinations. 

3. Patients with ostial lesions are contraindicated for catheter- based therapy. 

4. Catheter-based therapy is contraindicated for patients with multivessel disease 
and those with significant stenosis (>75% luminal diameter) or occlusion of the 
contralateral coronary arteries. However, the latter cases may be treated with 
catheter-based therapy when bypass surgery is performed for the lesions in the 
contralateral coronary arteries. 
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2.1.2 Types of PCI Techniques, Indications, and Precautions 
a. PCI 

i. Reperfusion Therapy 
i-i. ICT 

UK should be infused at a dose of 0.4x 10 4 units/kg over 10 minutes. Administra- 
tion may be repeated at most four times. 

i-ii. PCI 

The guidelines for the management of patients with ST-elevation acute myocar- 
dial infarction (JCS 2008) proposed by the Japanese Circulation Society recom- 
mend that primary PCI should be considered when it can be performed within 
90 minutes (door-to-balloon time) of the first medical contact for patients 
presenting within 12 hours of symptom onset (Class I recommendation) 186 '. The 
guidelines also describe that thrombosuction should be tried first during PCI in 
order to prevent plaque debris and clots from flowing into peripheral vessels, reduce 
no-reflow phenomenons, and thereby improve cardiac function after intervention. 
Stenting is the most prevalent PCI technique. Treatment with oral antiplatelet drugs 
(aspirin, clopidogrel [Plavix®], and cilostazol [Pletal®]) or intravenous heparin is 
promptly begun after PCI to prevent the development of in-stent thrombosis. 


ii. Plain Old Balloon Angioplasty 

In the treatment of coronary artery lesions due to Kawasaki disease, plain old 
balloon angioplasty (POBA) is effective in the treatment of stenotic lesions that 
developed <6years previously, and becomes less effective as time increases 
ii3, 142 , 187 - 190 ) c oronar y ar tery legions due to Kawasaki disease are harder than 
those observed in adults, a higher balloon pressure is often required, and the risk of 
development of new aneurysms related to balloon dilatation is higher than in adults. 
The recommended balloon pressure is <10atm. 


b. Stenting 

Stenting is indicated for older children (>13years of age) in whom calcification of 
coronary lesions is relatively mild 152 ' 153 ' 191-198) . Stenting can achieve a larger 
lumen than POBA can. Stenting is also effective in the treatment of coronary 
arteries in which aneurysms and stenosis are present in succession. The risk of 
the development of new aneurysms after balloon dilatation is lower in patients 
receiving balloon dilatation and stenting than those receiving balloon dilatation 
only, but the balloon pressure should not be higher than 14atm. Lesions that might 
require a higher balloon pressure require lesion modification using a rotablator. 
Because surgical treatment of patients with a history of Kawasaki disease is often 
performed during adolescence, and patients may often receive surgical treatment 
thereafter, physicians should consider the risk of late-onset thrombosis associated 
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with the discontinuation of antiplatelet therapy. The use of drug-eluting stents 
should be considered carefully 196 '. 


c. Rotablator (Percutaneous Transluminal Coronary Rotational Atherectomy, 
PTCRA ) 

The rotablator uses a rotating metal burr coated with about 2,000 microscopic 
diamond particles. The burr rotates at high speeds to grind the arteriosclerotic 
lesion into small fragments, theoretically <5 pm in diameter, that do not cause 
peripheral thromboembolism and are degraded in the reticulo-endothelial system. 
Some physicians do not use balloon dilatation after coronary rotational 
atherectomy, but many physicians perform balloon dilatation at low pressures 
after atherectomy. 

d. IVUS 

In order to ensure successful implementation of PCI, the degree and extent of 
calcified lesions should be accurately identified to select appropriate procedures. 
IVUS helps delineate the structure of the coronary artery wall, and determine the 
percentage of luminal circumference covered with calcification, and the extent of 
calcified lesions. It is desirable that physicians determine appropriate PCI pro- 
cedures for children according to the body size, findings of CAG and IVUS 

143 , 153 , 196 . 199 - 201 ) 


2.1.3 Institutions and Backup System Requirements 

PCI for patients with coronary artery lesions due to Kawasaki disease is not possible 
without collaboration between cardiologists with expertise in coronary catheteriza- 
tion and pediatric cardiologists who understand the natural history and pathology of 
cardiac complications of Kawasaki disease. Support from cardiac surgeons is also 
essential. It is desirable that PCI for this patient population be performed in 
cardiovascular centers and other institutions specialized in cardiovascular diseases. 


2. 1 .4 Postoperative Management, Assessment, and Follow-Up 

After 4~6 months after PCI, selective CAG should be performed to evaluate the 
outcome of treatment. A survey has revealed that there is no significant difference 
between the CAGB and PCI groups in the composite primary endpoint of death or 
AMI, while the incident of repeated revascularization, a secondary endpoint, is 
higher in the PCI group 202 ’. Because surgical treatment for cardiovascular sequelae 
in Kawasaki disease are typically performed for patients 13-18 years of age, 
pediatric cardiologists should communicate well with cardiologists to share infor- 
mation and transition the patients to ensure successful long-term management and 
continued patient education 203 '. 
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2.2 Surgical Treatment (Table 16) 

Although the prevalence of coronary artery lesions due to Kawasaki disease tends 
to decrease, there is still a small number of children who have persistent or 
progressing coronary artery lesions and eventually develop ischemic heart disease 
during childhood. For such patients who do not respond well to medical treatment, 
CABG using autologous pedicle internal mammary artery grafts is the most reliable 
treatment option 201 208) . As the leading causes of death in patients with Kawasaki 
disease are sudden death and myocardial infarction, the determination of surgical 
treatment must be made in a timely manner. 


2.2.1 Indications for Surgical Treatment of Kawasaki Disease 

Table 16 lists the criteria for indications for surgical treatment of cardiovascular 
sequelae in Kawasaki disease 209 '. The nature of coronary artery lesions indicated 
for surgical treatment in this pediatric population is essentially identical to that in 
the adult population without Kawasaki disease, and includes (1) severe occlusive 
lesions in the left main coronary trunk; (2) severe occlusive lesions in multiple 
vessels (2 or 3 vessels); (3) severe occlusive lesions in the proximal portion of the 
left anterior descending artery; and (4) jeopardized collaterals. Surgical treatment 
should be considered as a priority option for patients with a history of myocardial 
infarction in order to ensure secondary prevention of myocardial infarction. In 
children, the progression of myocardial ischemia may often occur asymptomati- 
cally, and the severity of coronary angiographic findings is often inconsistent with 
clinical symptoms. Accordingly, candidates for CABG should be comprehensively 
evaluated on the basis of clinical signs and symptoms as well as findings of CAG, 
exercise ECG, echocardiography, stress myocardial scintigraphy, left 
ventriculography, and other techniques to specify the location and viability of 
ischemic myocardium. 


2.2.2 Age at Surgical Treatment 

In a survey in Japan, patients undergoing CABG for the treatment of coronary 
artery lesions due to Kawasaki disease are 1 1 years of age on average and range 
between 1 month and 44 years of age at the time of surgery, with children aged 
5~ 1 2 years predominant 210 '. It has been reported that recently CABG can be 
performed safely even in children younger than those for whom it was previously 
considered indicated ’ ’ . Surgical treatment during the early phase of the 

disease is beneficial in avoiding left ventricular hypokinesia, and has a lower 
incidence of postoperative events than that during later phases of the disease 21 ". 
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Table 16 Indications for Surgical Treatment of Kawasaki Disease 

Coronary artery bypass grafting (CABG) may be effective in patients who have severe occlusive 
lesions in main coronary arteries (especially in the central portions of these arteries) or rapidly 
progressive lesions with evidence of myocardial ischemia. It is preferable to perform CABG 
using autologous pedicle internal mammary artery grafts regardless of age. Treatment such as 
mitral valve surgery should be considered when mitral insufficiency not responding to medical 
treatment is present, although such cases are rare. 

CABG 

CABG is indicated for patients with angiographically evident severe occlusive lesions of the 
coronary arteries and viability of myocardium in the affected area. Viability should be evaluated 
comprehensively, based on the presence/absence of angina and findings of exercise ECG, 
thallium myocardial scintigraphy, two-dimensional echocardiography, left ventriculography 
(regional wall movement), and other techniques. 

- Findings of coronary angiography: 

The following findings are most important. When one of the following findings is present, 
consider surgical treatment. 

1 . Severe occlusive lesions in the left main coronary trunk 

2. Severe occlusive lesions in multiple vessels (2 or 3 vessels) 

3. Severe occlusive lesions in the proximal portion of the left anterior descending artery 

4. Jeopardized collaterals 


In addition, the following conditions should also be considered in determining treatment 
strategy. 


(1) 

When the event is considered a second or third infarction due to the presence of chronic 
infarct lesions, surgery may be indicated. For example, surgery may be considered to treat 
lesions limited to the right coronary artery. 

(2) 

Lesions associated with recanalization of the occluded coronary artery or formation of 
collateral vessels should be evaluated especially carefully. Surgical treatment may be 
considered for patients with findings of severe myocardial ischemia. 

(3) 

Whether CABG is indicated should be considered carefully in younger children based on 
long-term patency of grafts. In general, young children controllable with medical treatment 
are followed carefully with periodic coronary angiography to allow them to grow, while 
patients with severe findings have undergone surgery at 1~2 years of age. It is 
recommended that pedicle internal mammary artery grafts be used in such cases as well. 

- Findings of left ventricular function testing: 


It is desirable that patients with favorable left ventricular function be treated with surgery, though 
patients with regional hypokinesis may also be indicated for surgery. Patients with serious 
diffuse hypokinesis must be evaluated with particular care and comprehensively based on 
findings for the coronary arteries and other available data. Heart transplantation may be indicated 
in rare cases. 

Mitral valve surgery 

Valvuloplasty and valve replacement may be indicated for patients with severe mitral insuffi- 
ciency of long duration not responding to medical treatment. 

Other surgery 

In rare cases, Kawasaki disease has been complicated by cardiac tamponade, left ventricular 
aneurysm, aneurysms of the peripheral arteries, or occlusive lesion, patients with these condi- 
tions may be indicated for surgery. 

Adapted from “Study on Kawasaki Disease”, the Ministry of Health and Welfare research project 
on mental and physical disorders. A research report in 1985. 1986: 39 — 42~ 09) , with modification. 
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2.2.3 Surgical Techniques 

The most desirable surgical technique is CABG using pedicle right or left mam- 
mary thoracic artery grafts. It has been reported that the diameter and length of such 

noo n i 

grafts increase with the somatic growth of children” ’ . Large saphenous vein 

grafts were frequently used in the past, but are no longer used in the present day 
because of its low long-term patency and the absence of growth after grafting 
2io, 2i3, 2i4) us j n g right gastroepiploic artery grafts is becoming common 2IS) 

, but these grafts are not well developed in children, and can be used only in older 
children with a large body size. 


2.2.4 Outcome of Surgery 

CABG not only reduces anginal symptoms, but also prevents the occurrence of 
myocardial infarction and improves prognosis in patients with severe coronary 
artery legions. 

In patients with severe coronary artery lesions due to Kawasaki disease, CABG 
is also effective in reducing and preventing recurrence of myocardial ischemia and 
angina. Studies demonstrated the efficacy of CABG, and have revealed that it 
improved coronary perfusion and left ventricular function during stress testing 216 '. 


a. Graft Patency 

The patency of internal thoracic artery grafts, that are the only available grafts for 
CABG in children, is as high as 87% overall, and 91%, 100%, and 84% when 
grafted to the left anterior descending artery, the left circumflex artery, and the right 
coronary artery, respectively, at 20 years after CABG 217 '. 


b. Activities of Daily Life and Problems after Surgery 

In a survey of patients with a significant limitation to activities of daily life due to 
cardiovascular sequelae in Kawasaki disease, 85% of them became able to partic- 
ipate in gym class in school with no limitation, and many patients have a favorable 
social outcome, including marriage and childbirth 2071 . According to a recent report, 
the 10-, 20- and 25-year survival rates are 98%, 95% and 95%, respectively 217 '. 


2.2.5 Other Surgery 

a. Downsizing Operation of Giant Coronary Aneurysms 

Blood flow in giant aneurysms is slow and the risk of thrombogenesis is high 21 *' 2191 
. Recently, attempts have been made to use the combination of CABG and 
downsizing operation to treat giant aneurysms to improve flow rate and flow pattern 
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in lesions by decreasing the diameter of the aneurysms, and to prevent the formation 

of thrombi by increasing shear stress on vessel walls. It has been reported that 

211 2201 

warfarin therapy could be terminated in some patients treated in this fashion” ' 

b. Surgical Treatment of Mitral Valve Insufficiency 

Surgical treatment should be considered for patients with severe mitral valve 
regurgitation due to Kawasaki disease according to the severity of regurgitation, 
age of the patient, the severity of coronary artery lesions, left ventricular function, 
and other conditions 221 ’. Valvuloplasty is the most commonly used technique. In 
children undergoing valve replacement, mechanical valves, which are more durable 
than bioprosthetic valves, are commonly used 222 ’. 


c. Surgical Treatment of Aortic Aneurysms and Peripheral Aneurysms 

In addition to coronary aneurysms, patients with Kawasaki disease may develop 
aneurysms in the ascending aorta, abdominal aorta, iliac artery, or axillary artery 216 ’ 
. The use of synthetic grafts has been reported in the treatment of descending aortic 
aneurysms. Surgical treatment of aneurysms is indicated only for large or progres- 
sive lesions. 

d. Heart Transplantation 

More than ten cases of heart transplantation for the treatment of Kawasaki disease 
have been reported in the world. It has been reported that they have severe left 
ventricular dysfunction with a left ventricular fractional shortening (FS) of 5-24%, 
16% on average, and that all patients had coronary artery lesions, and many patients 
(about 40%) had ventricular arrhythmia, ventricular tachycardia, or ventricular 
fibrillation. Heart transplantation was perfonned at the age of 8.5years on average, 
and two children underwent it at the age <4months of age 223 ’. Heart transplantation 
is beneficial in (1) patients with significant left ventricular dysfunction, and 
(2) patients who have life-threatening arrhythmia and significant lesions in periph- 
eral segments of the coronary arteries. 


3. Summary of Treatment Options ( Table 17) 

Table 17 summarizes treatment options for coronary artery lesions by severity. As 
the major causes of death during the remote phase of Kawasaki disease are coronary 
stenosis due to intimal hyperplasia and ischemic heart disease due to thrombotic 
coronary occlusion, pharmacotherapy is important in avoiding these cardiac acci- 
dents and improving the QOL of patients. For patients not responding to pharma- 
cotherapy who have the progression of stenotic lesions and cannot control the risk 
of thrombosis, non-pharmacotherapy such as PCI and CABG should be considered 
proactively. 
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Table 17 Indications of Treatment by Classification of Severity of Coronary Artery Lesions due 
to Kawasaki Disease 


Antiplatelet drugs (aspirin, dipyridamole, ticlopidine) 

Severity classification IV, V 

Class I 

Severity classification III 

Class II 

Severity classification I, II 

Class III 

Anticoagulant drugs (warfarin) 

Severity classification IV, V 

Class I 

Severity classification III 

Class II 

Severity classification I, II 

Class III 


Coronary vasodilators (e.g., Calcium channel blockers, |3-blockers, nitrates) 


Severity classification V 

Class I 

Severity classification IV 

Class II 

Severity classification I, II, III 

Class III 


Drugs for heart failure (ACE inhibitors, ARBs, (3-blockers) 


Severity classification V 

Class I 

Severity classification IV 

Class II 

Severity classification I, II, III 

Class III 


PCI 


Severity classification V (b) 

Class I 

Severity classification V (a) 

Class II 

Severity classification I, II, III, IV 

Class III 


CABG 


Severity classification V (b) 

Class I 

Severity classification V (a) 

Class II 

Severity classification I, II, III, IV 

Class III 


ACE, angiotensin converting enzyme; ARBs, angiotensin II receptor blockers; CABG, coronary 
artery bypass grafting; PCI, percutaneous coronary intervention. 


Appropriate decision making is essential in the treatment of cardiovascular 
sequelae in Kawasaki disease according to careful consideration of the patient’s 
disease status, age, school life (e.g., exercise, school events, and going to univer- 
sity), and social life (e.g., career, job, marriage, and pregnancy/childbirth). 


V. Management and Follow-up during Childhood 

1. Guidance on Activities of Daily Life and Exercise ( Including 
the School Activity Management Table ) 

The guidance on activities of daily life and exercise mainly includes management 
of daily activities in school. The following management is desirable (See School 
Activity Management Table, the 2011 revision 224 *. Tables 18 and 19). 


www.ketabpezeshki.com 


66485457-66963820 


Table 18 School Activity Management Table (for Elementary School Children) 


498 


Appendix: Guidelines for diagnosis and management of cardiovascular sequelae 



www.ketabpezeshki.com 


66485457-66963820 


Definitions 

Mild exercise: Physical activities that do not increase respiratory rate in average children at the same age 

Moderate exercise: Physical activities that increase respiratory rate without causing shortness of breath in average children at the same age. Players may talk 
with partners, if any, during exercise. 

Intense exercise: Physical activities that increase respiratory rate and cause shortness of breath in average children at the same age. 
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Definitions 

Mild exercise: Physical activities that do not increase respiratory rate in average students at the same age. 

Moderate exercise: Physical activities that increase respiratory rate without causing shortness of breath in average students at the same age. Players may talk 
with partners, if any, during exercise. 

Intense exercise: Physical activities that increase respiratory rate and cause shortness of breath in average students at the same age. 
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1.1 Children without Evidence of Coronary Artery Lesions during 
the Acute Phase 

No restriction of activities of daily life or exercise is needed. In the School Activity 
Management Table, physicians may indicate “no management needed” for children 
>5years after onset. During the 5-year period after onset, “E-allowed” (i.e.. Cate- 
gory E [intense exercise is allowed] in terms of management, with school sport club 
activities “allowed”) should be selected in the table. When a patient is assigned the 
“no management needed” rating, the attending physician should indicate the ter- 
mination of follow-up on the existing or newly created “Acute Phase Kawasaki 
Disease in Summary” (Figure 5) of the patient, and provide advice on how to 
prevent lifestyle-related diseases to the patient and parents. 


1.2 Patients not Evaluated for Coronary Artery Lesions during the Acute 
Phase 

1 .2. 1 Patients in Whom Examination after the Acute Phase Revealed no 
Coronary Artery Lesions 

No restriction of activities of daily life or exercise is needed. Follow the instructions 
in Section 1.1 “Children without Evidence of Coronary Artery Lesions during the 
Acute Phase” above. 


1 .2.2 Patients in Whom Examination after the Acute Phase Revealed 
Persistent Coronary Artery Lesions According to the Criteria for Severity 
of Coronary Artery Lesions in This Guideline 

a. Patients in Whom Examination after the Acute Phase Revealed no Coronary 
Artery Lesions (or Revealed Regression of Coronary Artery Lesions) 

No restriction of activities of daily life or exercise is needed. Follow the instructions 
in Section 1 . 1 “Children without Evidence of Coronary Artery Lesions during the 
Acute Phase” above. 


h. Patients not Evaluated with CAG 

Follow the instructions on activities of daily life and exercise in Section 1.3 
“Patients Who Have Been Evaluated for Coronary Artery Lesions during and 
after the Acute Phase” below. Patients should be categorized into the following 
groups, and provided with instructions accordingly. 

(1) Patients in whom echocardiography detected small aneurysms or dilatation 

(2) Patients in whom echocardiography detected medium aneurysms 
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(3) Patients in whom echocardiography detected giant aneurysms 
It is desirable that patients in groups (2) and (3) undergo CAG. 


c. Patients in Whom CAG Revealed Persistent Coronary Artery Lesions 

Follow the instructions on activities of daily life and exercise in Section 1.3 
“Patients Who Have Been Evaluated for Coronary Artery Lesions during and 
after the Acute Phase” below. Patients should be categorized into the following 
groups, and provided with instructions accordingly. 

(1) Patients in whom CAG revealed small aneurysms or dilatation remaining 

(2) Patients in whom CAG revealed medium aneurysms remaining 

(3) Patients in whom CAG revealed giant aneurysms remaining 


1.3 Patients Who Have Been Evaluated for Coronary Artery Lesions 
during and after the Acute Phase 

1.3.1 Patients in Whom Transient Coronary Dilatation Disappeared after 
the Acute Phase 

No restriction of activities of daily life or exercise is needed. Follow the instructions 
in Section 1 . 1 “Children without Evidence of Coronary Artery Lesions during the 
Acute Phase” above. 


1.3.2 Patients with Remaining Small Aneurysms or Dilatation 

No restriction of activities of daily life or exercise is needed. “E-allowed” should be 
selected in the School Activity Management Table. 

(1) Follow the instructions in Section 1.1 “Children without Evidence of Coronary 
Artery Lesions during the Acute Phase” above when coronary artery lesions 
regress. 

(2) Patients with remaining coronary artery lesions should be followed up at 
2 months, 6 months, and 1 year after onset and annually or later. 


1.3.3 Patients with Remaining Medium or Giant Aneurysms 

It is desirable that patients of this type be followed by pediatric cardiologists. 
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a. Patients with no Findings of Stenosis or Myocardial Ischemia 

No restriction of activities of daily life or exercise is needed. “E-allowed” should be 
selected in the School Activity Management Table not including giant aneurysms. 

For patients with giant aneurysms, physicians should select “D-prohibited” 
(Category D [moderate exercise is allowed] in terms of management, with school 
sport club activities “prohibited”) in the School Activity Management Table, in 
principle. Patients with regressed giant aneurysms should be followed periodically 
because aneurysms with an internal diameter of >6mm may be calcified or progress 
to stenotic lesions in 10 or 20 years. 


h. Patients with Findings of Stenosis or Myocardial Ischemia 

Intense exercise should be restricted. The level of allowable exercise should be 
rated at “D” or more severe category. School sport club activities should be 
“prohibited”. 


c. Patients with a Histoiy of Myocardial Infarction 

Activities of daily life and exercise should be restricted. Patients should be rated as 
Category “A” to “E” on the basis of their condition. School sport club activities 
should be “prohibited,” in principle. 


1.4 Lesions other than Coronary Artery Lesions 

1.4.1 Valvular Disease 

Pediatric cardiologists should evaluate patients with valvular disease due to Kawa- 
saki disease to determine whether their activities of daily life and exercise should be 
restricted. Cardiac functions and indications for surgical treatment should be 
evaluated. Patients exhibiting improvement of echocardiographic findings may be 
assigned the rating of “no management needed”. 


1 .4.2 Arrhythmia 

Pediatric cardiologists should evaluate patients with arrhythmia due to Kawasaki 
disease to determine whether their activities of daily life and exercise should be 
restricted. The criteria for management of patients with arrhythmia (Guidelines for 
management of arrhythmia with no underling diseases, the 2002 revision, published 
by the School Cardiac Screening Study Committee of the Japanese Society of 
Pediatric Cardiology and Cardiac Surgery) should be followed when cardiac func- 
tion is normal and myocardial ischemia can be ruled out 225 '. Arrhythmic patients 
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with findings of abnormal cardiac function or myocardial ischemia should be 
collectively evaluated based on all available data. 


1 .4.3 Aneurysms other than Coronary Aneurysms 

Pediatric cardiologists should manage these lesions individually based on their 
location and severity. 


1.5 Management after Heart Surgery 

Pediatric cardiologists should follow patients undergoing heart surgery such as 
CABG, valvular surgery, and heart transplantation to ensure appropriate follow- 
up evaluation and patient education. 


1.6 Vaccinations 

Maternal antibodies play important roles in preventing measles, rubella, mumps 
and varicella infections 226 *. Vaccinations against these diseases should be 
performed in order at least 6 months after high-dose IVIG therapy. 


1.7 Lifestyle Changes to Prevent Arteriosclerosis 

Since there is concern that a history of Kawasaki disease may be a risk factor for the 
development of arteriosclerosis in later life, it is preferable that patients be educated 
on the prevention of lifestyle-related diseases when they receive their “Acute phase 
Kawasaki disease in summary” (Figure 5). 


1.8 Cooperation with Cardiologists 

Patients with sequelae in Kawasaki disease should be followed by cardiologists 
when they grow up. Attending physicians should discuss with patients (or family) 
the schedule of follow-up by different departments in order to ensure lack of 
interruption of follow-up evaluation. Careful attention should be paid to avoid 
discontinuation of follow-up evaluation. 
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2. Follow-up Evaluation 

There are no clearly defined policies on the timing and duration of non-invasive 
follow-up evaluation of patients with a history of Kawasaki disease in Japan. 
However, there is an almost complete consensus of opinion that patients with 
giant aneurysms and patients with regressed medium aneurysms should be followed 
up for life 35 ’ 146 ’ 148 ’ 227) . 

The following guidelines are designed for patients who underwent periodic 
echocardiography during the acute phase of Kawasaki disease. Patients are classi- 
fied by severity of coronary artery lesions on the basis of echocardiographic 
findings for the coronary arteries during roughly the first 30 days after onset, and 
guidance on how to follow up coronary artery lesions by cardiologists is provided 
based on the severity of echocardiographic coronary findings. 

The reader should refer to the “Classification of coronary aneurysms during the 
acute phase” (Table 4a), and the “Severity classification” (Table 4b). 


2.1 Severity Classification of Coronary Artery Lesions Based 
on Echocardiographic Findings 

Table 20 lists the severity classification of coronary artery lesions based on 
echocardiographic findings. 


Table 20 Criteria for Severity Classification of Coronary Artery Lesions due to Kawasaki 
Disease 


Echocardiographic 

classification 

Severity 

classification (See 

Table 4b) 

Echocardiographic findings 

A-l 

I 

No dilatation of coronary arteries. The coronary 
arteries tend to be larger during the acute phase 
than in control children - ' - , but no localized 

dilatation is detectable with echocardiography. 

A-2 

II 

Slight and transient dilatation of coronary arteries, 
which subsides within 30 days after onset. 

A-3 

Milder cases in Cat- 
egory III 

Small aneurysms with an internal diameter of 
<4mm are detectable on day 30 after onset. 

A-4 

Some cases in Cate- 
gories III, IV and V 

Medium aneurysms are detectable on day 30 after 
onset. 

A-4-1 

Medium aneurysms with an internal diameter of 
>4~<6mm are detectable. 

A-4-2 

Medium aneurysms with an internal diameter of 
6~<8mm are detectable. 

A-5 

IV, V 

Giant aneurysms with an internal diameter of 
>8mm are detectable on day 30 after onset. 
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Figure 4 Relationship 
between the 

echocardiography-based 
severity classification (Left) 
and the severity 
classification of 
cardiovascular lesions due 
to Kawasaki disease 
(Right). 



2.2 Relationship between Echocardiography-Based Severity 
Classification and the Severity Classification of Cardiovascular Lesions 
due to Kawasaki Disease 

The severity of cardiovascular lesions evaluated according to the severity classifi- 
cation of cardiovascular lesions due to Kawasaki disease (Table 4b) changes over 
time depending on the duration after onset. Figure 4 shows typical relationships 
between the two classification systems. 


2.3 Follow-up Evaluation According to the Echocardiography-Based 
Severity Classification 

2.3.1. Patients in Category A-l 

Patients in Category A-l, i.e., patients with no dilatation of coronary arteries, 
correspond to Category I of the severity classification of cardiovascular lesions 
due to Kawasaki disease. 

Patients in this category should be followed for 5 years, i.e., at 1,2, and 6 months 
and 1 and 5 years after the onset of Kawasaki disease. Additional annual follow-up 
may be scheduled from the second to fifth years through consultation between 
patients/family and attending physicians. Further follow-up schedules in the sixth 
year and thereafter should be scheduled individually. 

Follow-up evaluation should include ECG, echocardiography, and, if required, 
chest X-ray. It is desirable that patients be evaluated with exercise ECG at the time 
of final evaluation. 


2.3.2 Patients in Category A-2 

This category (patients with slight and transient dilatation of coronary arteries 
which subsides within 30 days after the onset of Kawasaki disease) corresponds 
to Category II of the severity classification of cardiovascular lesions due to Kawa- 
saki disease. 
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It is believed that these patients have no significant problems in terms of 

37 38 148 166 2271 

coronary artery lesions ’ ’ . Follow-up examination should be 

performed as specified in the section on Category A-l. 


2.3.3 Patients in Category A-3 

This category (patients who have small aneurysms at 30 days after the onset of 
Kawasaki disease) corresponds to relatively mild cases among those classified in 
Category III of the severity classilication of cardiovascular lesions due to Kawasaki 
disease. 

In principle, patients should be followed every 3 months until findings of 
dilatation disappear and then annually until entry into elementary school (age of 
6, 7), then in 4th grade (age 9, 10), at entry into junior high school (age of 12, 13), 
and at entry into senior high school (age of 15, 16). 

Follow-up examination should be performed as specified in the section on 
Category A-l, and exercise ECG should be added in children at ages when it is 
feasible. In patients >10years after onset, coronary imaging by MDCT or MRCA 
(the latter is more preferable considering radioactive exposure) should be consid- 
ered as the final coronary imaging at the time of final follow-up evaluation. 


2.3.4 Patients in Category A-4 

This category (Patients who have medium aneurysms at 30 days after the onset of 
Kawasaki disease) corresponds to some cases among those classified in Categories 
III, IV, and V. 

Since long-term prognosis in this category differs significantly among patients, 
the duration of follow-up should be determined individually according to patient 
condition. Typically, echocardiographically detected coronary dilatations disappear 
within one year after onset, and regression of coronary artery lesions detectable by 
CAG is observed during the two years after onset 146, 230) . 

According to findings reported by now ■ ’ ’ , patients in category A-4 

are further classified into two categories by the internal diameter of coronary 
aneurysms on day 30 after onset, A-4-1 (>4~<6mm) and A-4-2 (6~<8mm). The 
recommended schedules and items of follow-up evaluation are as follows. 


a. Patients in Category A-4-1 

In this category of patients who have medium aneurysms with an internal diameter 
of >4~<6mm, thickening of the intima and media is observed, but no progression 
to stenotic lesions nor calcification of coronary artery lesions is observed in 
20 years after onset. Patients should be evaluated once every 1~3 months with 
ECG, echocardiography, chest X-ray (when necessary), and exercise ECG (when 
feasible) until dilatation is no longer observed on echocardiography. Following the 
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disappearance of dilatation, patients should be evaluated annually. Patients with 
aneurysms remaining 1 year after onset should be evaluated once every 3~6 
months. Selective CAG may be considered on an individual basis. Although the 
prognosis of this category of patients is considered relatively good, it is desirable 
that they undergo MDCT or MRCA every five years to evaluate the coronary 
arteries until further evidence becomes available. 


b. Patients in Category A-4-2 

In this category of patients who have medium aneurysms with an internal diameter 
of 6~<8mm, the incidence rates of stenotic and calcified lesions increase over time, 
and the progression to arteriosclerotic lesions is also noted. Patients should be 
followed in a fashion similar to those in Category A-4-1. Patients must undergo 
follow-up with selective CAG at least once during the early convalescent phase and 
at the time of disappearance of echocardiographically evident coronary dilatations. 
Patients with persistent aneurysms should be followed appropriately. 


2.3.5 Patients in Category A- 5 

This category (i.e., patients who have giant aneurysms at 30 days after the onset of 
Kawasaki disease) corresponds to Categories IV and V of the severity classification 
of cardiovascular lesions due to Kawasaki disease. 

It is believed that aneurysms in patients in this category do not regress 
completely and may frequently progress to coronary occlusive lesions 146, 230 ~ 232) . 
Patients with persistent giant aneurysms must be followed for life and receive 
treatment continuously, and should be individually evaluated to design tailor- 
made treatment. 

All patients in this category should undergo initial selective CAG during the 
early convalescent phase of Kawasaki disease to specify the extent of lesions. As 
aneurysms outside the coronary arteries may develop in about 2~3% of patients, 
careful observation should be made 1461 . As thrombotic occlusion in giant aneu- 
rysms in right coronary artery may often develop in the first two years after onset 
232 and the incidence of stenotic lesions in giant aneurysms in the left anterior 
descending artery increases over time 146, 232) , patients should be carefully observed 
for clinical signs/symptoms, and followed with appropriate combinations of ECG, 
exercise ECG, echocardiography, stress myocardial scintigraphy, selective CAG, 
MRI, MRCA, MDCT or other appropriate techniques. The duration of follow-up 
differs among individual patients. In general, patients should be evaluated once 
every 1~3 months during the first year, and once every 3~6 months or later. 
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2.4 Acute Phase Kawasaki Disease in Summary 

In 2003, the Japan Kawasaki Disease Research Society (currently the Japanese 
Society of Kawasaki Disease) developed the “Acute phase Kawasaki disease in 
summary” (Figure 5) to encourage patients who had coronary artery lesions during 
the acute phase of Kawasaki disease as well as those who were treated successfully 
to carry summarized medical records during the acute phase of this disease (e.g., 
clinical signs/symptoms, treatment, and cardiac complications) 233 *. Because long- 
term prognosis of this disease after reaching adulthood is still unclear, it is impor- 
tant for individuals with a history of this disease to keep medical information during 
the acute phase, and provide the information to healthcare professionals whenever 
necessary. 


3. Problems in Shifting from Childhood to Adulthood 

3.1 Is a History of Kawasaki Disease a Risk Factor for Arteriosclerosis? 

No consistent evidence is available on this matter. The presence of medium 
aneurysms with an internal diameter of >6mm during the acute phase is believed 
a risk factor for arteriosclerosis ’ ’ . In patients with coronary aneurysms 

with an internal diameter of >4~<6mm during the acute phase, thickening of the 
intima and media have been noted in some cases during the remote phase 227 *, and 
they are considered to be at risk for developing new stenotic or calcified lesions in 
30-40 days after onset. Patients with a history of Kawasaki disease, including those 
who have no coronary artery lesions during the acute phase and those with transient 
coronary dilatation during the first 30 days after onset of the disease should use the 
“Acute phase Kawasaki disease in summary” (Figure 5) to provide accurate 
medical information during the acute phase to cardiologists who treat them. 


3.2 Collaboration with Cardiologists Providing Healthcare Services 
to Adult Patients 

Pediatricians with expertise in Kawasaki disease cannot cover healthcare services 
to adult patients with a history of the disease who experience lifestyle-related 
diseases, pregnancy, childbirth or other adult-onset conditions. There is a need 
for special clinics for adult patients with a history of Kawasaki disease where 
patients are managed by cardiologists and supported by obstetricians whenever 
necessary. 
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Acute phase Kawasaki disease in summary 
Name: 

Sex: M/F 

Birth date: 

Onset of Kawasaki disease: 

Age at onset: 

Hospitalized on: 

Discharged on: 


This summary contains important medical information 
such as symptoms, treatment, and presence/absence of 
cardiac complications when Kawasaki disease developed. 
Please keep this summary by clipping it into the mother- 
child notebook or other appropriate methods, and refer to 
it whenever necessary. 


Name, address, phone number of hospital, and name of 
physician are as follows: 


Described on: 

Supervised by the Japan Kawasaki Disease Research Society 


Clinical findings 

(1) Fever 

present ( days), 

absent 

(2) Bilateral conjunctival congestion 

present. 

absent 

(3) Redding of lips, strawberry tongue 

present. 

absent 

(4) Polymorphous exanthema 

present. 

absent 

(5) Indurative edema, redding of 

present. 

absent 

palms/soles, membranous desquamation 
from fingertips 

present. 

absent 

6) Cervical lymphadenopathy 

Other symptoms: 

present. 

absent 

Treatment 



1) Aspirin 

present. 

absent 

2) Immunoglobulin 

present. 

absent 

3) Steroids 

4) Other drugs: 

present. 

absent 


Hchographic findings of coronary artery ( I ): discharged 
Right coronary artery: 

no abnormality, transient dilatation, dilataion, aneurysm, giant aneurysm 
Left coronary artery: 

no abnormality, transient dilatation, dilataion, aneurysm, giant aneurysm 
Echographic findings of coronary artery (2): I - 2 months after onset 
Right coronary artery: 

no abnormality, transient dilatation, dilataion, aneurysm, giant aneurysm 
Left coronary artery: 

no abnormality, transient dilatation, dilataion, aneurysm, giant aneurysm 
Ollier cardiac complications: absent 

present ( ) 

Special informations 


Figure 5 Acute phase Kawasaki disease in summary. 


3.3 How to Avoid Dropouts 

It has been reported that dropouts, i.e., patients who stop visiting their clinic, occur 
in a relatively early phase of follow-up ’ .As both patients and pediatric 
cardiologists should be responsible for continuing follow-up evaluations, 
healthcare professionals should make every effort to prevent dropout by identifying 
patients who stop visiting their clinic and encourage them to visit for follow-up. 


VI. Problems during Adulthood 

1. Progression of Arteriosclerosis: Pathological Features 

Cardiovascular sequelae caused by arteritis in Kawasaki disease may be named as 
arteriosclerosis due to Kawasaki disease, which differs substantially from athero- 
sclerosis in etiology, pathology and pathophysiology. However, the evidence is 
limited for the effect of atherosclerosis as a lifestyle-related disease during adult- 
hood on arteriosclerosis due to Kawasaki disease. 

It has been pointed out that endothelial dysfunction and chronic inflammatory 
reactions may continue during the remote phase in patients with medium or giant 
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aneurysms including those in whom aneurysms have regressed ’ ' ’ . 

Because endothelial dysfunction is a precursor of atherosclerosis, it is highly likely 
that patients with persistent vascular dysfunction and perfusion abnormalities due 
to sequelae even after the remission of acute-phase inflammation have a high risk 
for the progression to atherosclerosis. In a study in patients during the remote phase 
of Kawasaki disease, intravascular echocardiography revealed the presence of 
intimal hyperplasia at the sites of regressed coronary aneurysms and severe intimal 
hyperplasia and calcification at the sites of localized stenotic lesions 37 *. 

Although a histopathological study has revealed the active remodeling of the 
coronary artery lesions due to Kawasaki disease during the remote phase 42 *, only a 
few reports have described the relationship between arteriosclerotic lesions due to 
Kawasaki disease and atherosclerosis. A pathological study of autopsy cases of 
adult patients with a history of Kawasaki disease has reported that advanced 
atherosclerotic lesions with microcalcification, necrotic cell debris containing 
cholesterin crystals, aggregation of foamy cells and hemorrhage are present in the 
walls of giant aneurisms, while in regressed aneurysms and recanalized aneurysms 
after thrombotic occlusion, small aggregations of foamy cells and penetration of 
plasma elements in the thickened intima composed of dense fibrotic tissues 39 *. 
When comparing these findings with autopsy findings of young Japanese patients 
with atherosclerosis 238 *, it can be concluded that coronary aneurysms due to 
Kawasaki disease have more severe atherosclerotic lesions than in coronary artery 
lesions in patients without a history of the disease. However, the findings noted in 
regressed aneurysms and recanalized lumen represent initial changes in atheroscle- 
rosis, and it is thus difficult to conclude that severe atherosclerosis occurs in 
coronary sequelae in Kawasaki disease. There is no consensus on the relationship 
between arteriosclerosis due to Kawasaki disease and atherosclerosis, and further 
investigation is required. 


2. Progression of Arteriosclerosis: Clinical Features 

Recent studies have reported findings suggestive of the presence of vascular 
abnormalities in patients with and without cardiovascular sequelae in Kawasaki 
disease during the remote phase of vasculitis due to the disease 39 ’ 42 ' 239 24 1 *, which 
provoked a discussion about what kind of follow-up measures are required for 
adults with a history of this disease during childhood. 

Vascular disorder in patients with a history of Kawasaki disease ranges widely 
from endothelial cell dysfunction to structural vascular dysfunction. It is believed 
that persistent endothelial cell dysfunction causes structural vascular dysfunction 
through complex interactions between inflammation, oxidant stress, different cyto- 
kines, among others 242 *. 

Morphological assessment of coronary arteries has been performed with trans- 
thoracic echocardiography and X-ray CAG. However, IVUS, a new technique 
enabling detailed assessment of coronary arteries, has made cardiologists 
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understand the importance of detailed assessment of the coronary arteries as it 
revealed the presence of intimal hyperplasia in coronary arteries that appeared 
normal with the conventional procedures 243 *. More recently, MDCT and MRCA 
using the black blood method have become available as less invasive methods of 
morphological assessment. These new procedures can detect calcification of coro- 
nary arteries that develop frequently in the remote phase of Kawasaki disease. In 
general, calcification of coronary arteries is considered as a risk factor for cardio- 
vascular events 244 ' 245) , but the mechanism of the development of calcification due 
to Kawasaki disease has not been clarified. Further investigation is necessary. 

It is widely known that endothelial cell dysfunction occurs as a precursor of 
morphological changes such as intimal hyperplasia 246 *. Because morphological 
changes decrease the plasticity of arteries, assessment of vascular function is 
drawing attention as a procedure to facilitate early intervention. Flow-mediated 
dilation (FMD), a new measure of vascular function using reactive hyperemia that 
stimulates the release of nitric oxide (NO) from endothelium, may accurately detect 
vascular dysfunction. Recent studies have reported a decrease in FMD during the 
remote phase of Kawasaki disease 241 ' 247) , which suggest that the history of 
Kawasaki disease is a risk factor for endothelial cell dysfunction. 

In the presence of endothelial cell dysfunction, it is likely that the process to 
atherosclerosis, starting with the expression of adhesion molecules and inflamma- 
tory processes, occurs over time. However, atherosclerosis is an entity different 
from arteriosclerosis due to Kawasaki disease occurring during the remote phase of 
Kawasaki disease. Although the development of atherosclerosis during the remote 
phase of Kawasaki disease has not been reported, it has been reported that a high- 
cholesterol diet induced the development of atherosclerosis developed in an animal 
model of vasculitis similar to Kawasaki disease 248 ’. 

Further investigation is necessary to understand how atherosclerosis develops in 
coronary arteries affected by arteriosclerosis due to Kawasaki disease. We hope that 
this question will be solved when patients with a history of Kawasaki disease who 
have persistent endothelial cell dysfunction become middle age and have a higher 
risk for atherosclerosis. 


VII. Management of Adults with a History of Kawasaki 
Disease 

Currently, there are no data on the actual status and pathological features of adult 
patients with a history of Kawasaki disease, and no standards are available for the 
diagnosis and treatment of such patients. 

The most important points in the management of adult patients with cardiovas- 
cular sequelae in Kawasaki disease are (1) to clarify the accurate status of the 
cardiovascular sequelae; (2) to control and manage the risk factors for the 


www.ketabpezeshki.com 


66485457-66963820 


514 


Appendix: Guidelines for diagnosis and management of cardiovascular sequelae. . . 


progression to atherosclerosis; and (3) to administer appropriate drug and 
non-pharmacotherapies to ensure better prognosis. 


1. Diagnosis 

In adult patients, correct evaluation of coronary artery lesions is often difficult with 
transthoracic echocardiography as the lung overlapping the heart may reduce the 
quality of images. Noninvasive techniques or catheter-based methods of CAG are 
required for the evaluation of coronary artery lesions. 


1.1 Patients without Coronary Aneurysms during Childhood 

Family and patients should discuss with attending physicians the need for follow-up 
evaluation on an individual basis, and patients may undergo noninvasive evaluation 
once every several years during adulthood if they request it 249) . 


1.2 Asymptomatic Patients with Coronary Aneurysms Persisting from 
Childhood 

It is desirable that patients should be evaluated with noninvasive techniques 2~3 
times each year and that CAG should be performed once every several years. 


1.3 Patients with Angina, Myocardial Infarction, Heart Failure, or 
Severe Arrhythmia in Adulthood 

It is desirable that patients should be evaluated with noninvasive techniques 3~4 
times each year and CAG as appropriate. 


1.4 Adult Patients with Coronary Aneurysms with Unknown History 
of Kawasaki Disease 

Basically, young adults with coronary aneurysms should be followed similarly to 
patients who had coronary aneurysms in childhood. 
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2. Treatment 

2.1 Pharmacotherapy 

No evidence has been obtained on the optimal treatment period and dose of oral 
aspirin for adult patients with coronary aneurysms due to Kawasaki disease. 


2.1.1 Patients without Coronary Aneurysms during Childhood 

Patients without coronary aneurysms during childhood may discontinue antiplatelet 
treatments such as aspirin. 


2.1.2 Asymptomatic Patients with Coronary Aneurysms Persisting from 
Childhood 

Asymptomatic patients with coronary aneurysms persisting from childhood must, 
in principle, continue to take aspirin and other appropriate drugs. In addition to 
improvements of lifestyle such as weight control and smoking cessation, prevention 
and appropriate treatment of coronary risk factors such as diabetes mellitus, hyper- 
lipidemia, and hyperuricemia are necessary. 


2. 1 .3 Patients with Angina, Myocardial Infarction, Heart Failure, or Severe 
Arrhythmia in Adulthood 

These patients should be treated in a fashion similar to patients with such conditions 
associated with etiologies other than Kawasaki disease. In addition to aspirin, 
antiplatelet drugs, antianginal drugs, diuretics, and other drugs for the treatment 
of heart failure, or antiarrhythmic drugs may be required. When ischemia is 
demonstrated on exercise ECG or radionuclide imaging, appropriate coronary 
intervention should be performed. 


2.1.4 Adult Patients with Coronary Aneurysms with Unknown History 
of Kawasaki Disease 

Basically, young adults with coronary aneurysms should be treated as described in 
Sections 2.1.2 “Asymptomatic Patients with Coronary Aneurysms Persisting from 
Childhood’’ and 2.1.3 “Patients with Angina, Myocardial Infarction, Heart Failure, 
or Severe Arrhythmia in Adulthood” above. 
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2.2 Non-Pharmacotherapy 

Adult patients with a history of Kawasaki disease include those who were diag- 
nosed with Kawasaki disease during childhood and underwent elective PCI during 
school age for the treatment of angina (coronary aneurysm due to Kawasaki 
disease, stenosis distal or proximal to a coronary aneurysm), and those who were 
not diagnosed during childhood but need the treatment for coronary artery disease 
that developed for the first time during adulthood. 

Kokura Memorial Hospital in Kyushu, Japan, has conducted a long-term follow- 
up survey in 39 patients who underwent the first elective PCI for the treatment of a 
total of 44 cardiovascular lesions due to Kawasaki disease at the median age of 
16 years, and were followed for 13 years. During 5 years after treatment, 35% of the 
patients underwent repeated PCI for restenosis. Most of these patients underwent 
repeated PCI in the first year after the initial PCI. No patients received repeated PCI 
from 5-15 years after the initial PCI. No patients experienced the progression or 
rupture of coronary aneurysms. The long-term outcome of giant aneurysms was 
favorable as Suda et al. reported 230 *. However, 2 patients (5.6%) had cardiovascular 
events during adulthood >10years after the initial PCI. These findings indicate that 
restenosis may occur in some children undergoing PCI at school age during the first 
year after PCI, but the outcome of repeated PCI is favorable as the lesions are stable 
with no progression of coronary aneurysms during adulthood. However, these 
findings also indicate that patients must continue antiplatelet drugs and, for patients 
with coronary aneurysms, antiplatelet drugs with anticoagulant drugs, and that they 
tend to develop new coronary artery lesions at an earlier age as compared with 
people without a history of Kawasaki disease. Patients with a history of Kawasaki 
disease require more strict medical treatment to prevent arteriosclerosis as com- 
pared with people without it 251 *. 

It is not rare that patients in whom Kawasaki disease had been overlooked during 
childhood present with acute coronary syndrome, which causes more severe symp- 
toms than those observed in children with Kawasaki disease, during adulthood due 
to coronary artery lesions in Kawasaki disease. Among 3,300 patients who were 
hospitalized in Kokura Memorial Hospital due to AMI during the period from 
2000-2011, 55 patients (1.6%) were hospitalized at the age of less than 40 years, 
and five of the 55 patients (9.1%) had coronary aneurysms specific to coronary 
sequelae in Kawasaki disease. None of the live patients had been diagnosed with 
Kawasaki disease. The prevalence of cardiovascular sequelae in Kawasaki disease 
is consistent with the findings of Daniels et al. who reported that coronary sequelae 
in Kawasaki disease are present in 5% of 261 adults less than 40 years of age who 
were evaluated by angiography for myocardial ischemia 252 *. The prevalences of 
obesity and smokers were significantly lower in these five patients than patients 
without a history of Kawasaki disease. Many of these five patients did not have 
known risk factors for arteriosclerosis. PCI was successful in all five patients with a 
history of Kawasaki disease, but in-hospital mortality was 40%, which was signif- 
icantly higher than 6% among patients without a history of Kawasaki disease. 
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3. Guidance on Lifestyle and Exercise 

No evidence has been obtained about coronary risk factors that affect the progres- 
sion and prognosis of coronary artery lesions in adults with a history of Kawasaki 
disease. However, because they may have additional risk factors for arteriosclerosis 
during adulthood, patients with a history of Kawasaki disease should be controlled 
for known coronary risk factors for arteriosclerosis in adults. 

Exercise training may favorably affect body weight, sense of well-being, and the 
use of drugs for the treatment of coronary artery lesions. Exercise therapy should be 
prescribed according to the results of risk assessment using exercise testing or other 
appropriate methods. 


4. Pregnancy, Labor and Childbirth 

4.1 Pregnancy and Labor 

Physicians should assess female patients with a history of Kawasaki disease for 
whether they may maintain normal cardiac function during pregnancy and labor, 
the risk of drugs during pregnancy including antithrombotic drugs, optimal methods 
of delivery, and measures for cardiac accidents that may develop during pregnancy 
or perinatal period 253 '. When they reach childbearing age, physicians should assess 
them for coronary artery lesions, myocardial ischemia or myocardial injury, treat 
such disorders if present before pregnancy to reduce the risk during delivery, and 
explain appropriate measures during pregnancy and the risk of childbirth to 
patients. Pregnant women may undergo cardiac and coronary MRI at week 12 of 
pregnancy or later 254 ’. Although the number of women who have a history of 
Kawasaki disease and had given birth is small and evidence is limited, there have 
been no serious cardiac accidents reported in this population 255 ' 256> . 


4.2 Childbirth 

Patients in NYHA Class I without myocardial ischemia may give birth as normal. 
Women with cardiac dysfunction with a left ventricular ejection fraction (LVEF) of 
40~<50% should be monitored carefully during childbirth for the aggravation of 
cardiac dysfunction due to change in hemodynamics 257 '. Patients with normal 
cardiac function without myocardial ischemia should be assessed using the standard 
obstetric criteria to determine the method of delivery. When patients with cardiac 
dysfunction undergo vaginal delivery, the use of forceps or vacuum extractor and 
epidural anesthesia are beneficial as measures to avoid the risk of cardiac overload 
due to pain during the second stage of labor 258 ’. Caesarian section should be 
considered for women with signs and symptoms of cardiac ischemia. 
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4.3 Drugs during Pregnancy and Perinatal Period 

Physicians should carefully consider the benefits and potential risks of the use of 
drugs during pregnancy and perinatal period. Drugs used during this period may 
induce anomaly in the fetus or excessive bleeding during delivery, and may be 
excreted into the mother’s milk 258 *. 


4.3.1 Anticoagulant Drugs and Antiplatelet Drugs 
a. Aspirin 

When women with coronary artery lesions become pregnant and need the treatment 
with antiplatelet drugs and anticoagulant drugs during pregnancy, they should be 
treated with aspirin at a small dose (60~81mg/day) and should be carefully 
observed. At 34-36 weeks of pregnancy, aspirin should be replaced with continu- 
ous intravenous heparin infusion, which should be discontinued 4-6 hours before 
delivery 258 *. When aspirin therapy is continued, patients should be hospitalized and 
discontinue aspirin therapy one week before delivery 256 *. 


b. Warfarin 

It has been reported that the incidence of warfarin fetal complications is dose- 
dependent, and that the risk of fetal complications is high in patients receiving 
warfarin at >5mg/day 259 ' 260) . Warfarin should be discontinued during the first 
12 weeks of pregnancy, when the major organs systems are developing, and weeks 
34-36 of pregnancy and thereafter. For patients in whom discontinuation of 
warfarin increases the risk of thrombogenesis, physicians should consider subcuta- 
neous administration of heparin ’ . 


4.3.2 Other Drugs 

ACE inhibitors should be discontinued during pregnancy, as they are teratogenic. 
Other drugs should be used only when the benefits overweigh the risk 262, 263) . 


4.4 Cardiac Accidents 

For patients with a risk of cardiac accidents during pregnancy, cardiologists and 
obstetricians should collaborate closely to prepare for emergency measures 
according to the individual patient conditions. 
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4.4.1 AMI 

The presence of a giant aneurysm is among the biggest factors that influence the 
development of AMI 251 ’. The outcome of myocardial infarction during pregnancy 
depends on whether the cardiac accident is managed successfully 264 ' 265) . Women at 
20 weeks of pregnancy or thereafter may undergo catheter intervention via the 
radial artery approach. As the supine position may cause inferior vena cava 
syndrome, physicians should be careful about the body position of the patient 2581 . 


4.4.2 Arrhythmias 

Patients with myocardial injury, cardiac dysfunction or myocardial ischemia may 
develop ventricular arrhythmias during pregnancy. Physicians should conduct 
Holter ECG monitoring in such women, and consider treatment when ventricular 
tachycardia occurs 258 ’. 


5. Healthcare System for Adult Patients 

As patients with a history of Kawasaki disease are often examined by general 
internists whose knowledge on this disease is limited. The following problems 
exist: ( 1 ) internists have only limited knowledge and experience in the management 
of adults with cardiovascular sequelae in Kawasaki disease, and there is only 
limited information on this matter that is available for physicians and 
non-physician healthcare professionals; (2) there is only a limited number of 
specialists who understand the unique pathology and pathophysiology of cardio- 
vascular sequelae in Kawasaki disease during adulthood; and (3) collaborative 
activities and institutions to ensure effective management through cardiac rehabil- 
itation or other measures have not been fully developed. 


5.1 Understanding of Kawasaki Disease by Internists 

General internists are not sufficiently aware of the pathophysiology of Kawasaki 
disease during the acute phase. It is important to foster specialists in this area. 
Non-physician healthcare professionals should also be educated on cardiovascular 
sequelae in Kawasaki disease. 


5.2 Collaboration between Pediatricians and Cardiologists 

Pediatricians and internists must share data on clinical course and laboratory 
findings obtained from adult patients who had a history of Kawasaki disease. 
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Collaboration between pediatricians and internists especially cardiologists is essen- 
tial to diagnose, treat and follow patients with cardiovascular sequelae in Kawasaki 
disease. 


5.3 Coronary Aneurysms and Myocardial Infarction in Young Patients 
and Kawasaki Disease 

Asymptomatic patients with coronary aneurysms due to Kawasaki disease may 
have ischemic heart disease during adolescence or adulthood. Myocardial infarc- 
tion is more prevalent than angina among patients with cardiovascular sequelae in 
Kawasaki disease 266 *. There is a need for a nationwide archive to register and 
disclose childhood medical records of patients with a history of Kawasaki disease. 


5.4 Comparison with Adult-Type Myocardial Infarction 

In the pathologic evaluation of patients with Kawasaki disease, no severe athero- 
sclerotic lesions are observed although substantial arteriosclerosis is present 2671 . 
Remodeling of coronary artery lesions in patients with sequelae in Kawasaki 
disease may persist for years after onset, and is associated with intimal hyperplasia 
and neovascularization 421 . These findings differ from those in juvenile patients with 
arteriosclerosis not associated with Kawasaki disease. 

Because patients with cardiovascular sequelae in Kawasaki disease may have 
atherosclerosis and may present with more complex lesions in the future, specialists 
who are fully aware of such condition must be available. 


5.5 Cardiac Rehabilitation 

Few medical institutions are providing cardiac rehabilitation programs for adults 
with cardiovascular sequelae in Kawasaki disease. This patient population needs 
appropriate cardiac rehabilitation programs and facilities where physicians and 
rehabilitation specialists work together. 


VIII. Summary 

Table 21 summarizes the pathophysiology, diagnosis, clinical course, treatment, 
lifestyle management and exercise management for patients with a history of 
Kawasaki disease by severity. 
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